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gs eee to go tread analy; {Will 
tide to read a Courſe of Fifteen Lectures, for Thirty 
_ Subſcribers, at One Guinea each, provided the * Diſtance i 


| not more than forty Mili from Briftol; if at a greater Bi. 
tance, the Subſcribers muſt be in proportion. Ladiet and 
Gentlemen "inclined to encourage this Dęfgu, are dr 


ne three Months- Notice. 1 


N. B. When the Courſes is read in the Acad it fi 
 Convenienty, thn, this Epitomꝭ, divided into two Parts; 

one read in t Spring, the other in "the Fall . the Year, 
Shen pen to each Part 101. 5 „ N 


** Juſt bubliſhed, 4 in one vol  Quarto, a Treas 
tile © on Menſuration, both in Theory and Practice. 
By Charles Hutton, (an ingenious Mathematician). 
Sold by 7. Wilkie, in St, Paul's Church -Fard, London. 
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te print my Part.050rncat. n 
drawn up this Epitome, in ſome Degree to comply* ._ Bi : 
With their Re queſt; Hot thinking it adviſcable,' ad | 
yet, to publiſh the Lefures at large: "Becauſe, as 
Time will permit, I hope to render them more ex- 
tenſive and complete; and give them to the World 
in my intended Courſe of Mathematical Learning; 
olf which two Volumes are 3 publiſhed, and il 
+ hens ponpering: . n TE 1-7 =_ 
Ir is frequently let's mat i thoſe' : fleeting Ideas all 3 
which young Lavrzs and ——— acquire b if i 
attending a public ne of Lacrukzs, ſoon vaniſh * - 7 


1 


for want of a proper MauoRIAI-Boox, to which =_ 
they may have recourſe, to refreſh. their Manes. „ 
and fix them in their . N ä 

A - 


..Is this Epitome the Fs "Rad ven 4efinod, 

| ad the principal. Prapofitions given, whoſe T ruths 
axe ſhewn,. in A COURSE. QF EX PERIMEN. _ 
TAL PHILOSOPHY, GEOGRAPHY, AND' MM 
ASTRONOMY, Whereby any one with only com- 1 
mon Senſe, and a moderate Degree of Attention, 
although unſkilled in the Mathematical Sciences, 
may readily underſtand the principal Phænomena 
of Nature, Which have been diſcovered by the 
moſt learned Philoſophers in; ſeyeral Ages; And 
Mathematicians 3 be ys aten. : 
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| Da hy e Propoſitions, which b. have bon 
demonſtrated by a Chain of Reaſoning, illuſtrated. 


and proved by E E: on a proper lar 
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Plat 1 e p. 22, | Plate III to non net] 
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The ofincipat are, p. 15, 1. 9. for Mebanieath x r. Mechenicaly; 
Lecture UL. for r. Cobæſien 
3 p. 25+ J. 36. for Bodies r. Forees j f. 29. I. 12, for it was r. they_ 
„ wert; p. 58. 1. 23. for Heure r. Hour; p. 63. I. 3. for at + r. + of 
IM pb p. 92. in Lat. of Carthagena fur S. 1. V; p. 96. 
| 1. for Phoenomenon r. Phenomena ; p. 102. I. 5. for are r. 163 
p- 140, 1. 2. for from wobonre-r. 4%; p. 113. J. 20. for Hope to. 
wp 1. 6. for ex ibit x, exhibirs; p. 
1. 13. for If Water in 2 R eceptacles r, If different Arts 
equuacks of Rate: p- 188. l, 4. for Tr branes, te 
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THOU! Enthron'd 1845 the | 
Great Cauſe of Cauſes! Ererlating Gov! | aryl - 
Aſſiſt a grow ling Worm, who feebly tries; - 7780 Fly 3 
To ſing thy mighty Works in grafal Verte, yo LT 
O, let a Spark of that celeſtial Fire, i 
Which touch d IS Ata Lips, 5 e 41 
While Chas reigu d, and Darkneſs cloth the De e 
TY'.ztherial Spirit hover'd o'er, its Oo ants wok 
Hark ! From the $lumbers of Eternity, STE 
Forth from the, great Er ERNxL. s bright. A de 3 
Let there be Light! The fed Far rage. 5 
And uit arcund Light infivititicous roſe? . . 
| With equal Might, in fix ſucceſſive Days, gay . 
Tbe Sor'reign Anenirief his Work perforn "ds. 12 | 
| The Seventh beheld the new Creation ſiile,; . a 5 
D from all his glorious-Work.--. 
Ee Byrd rtf? thy canes] Fu, 5 
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| About him, all the planetary Train 


Himſelf a World, amidſt ſurrounding: Worlds 1” 


— 


Joyful, began their new harmonious Dance. 
In Rated Periods next the cm mov'd, N 


| Large, ſolid Bodies, with a Length of Tail 1 


Elliptical, and various in cheir Courſe, 
Still more, or leſs attracted by his Heat. 
Earth on her Center mov'd from Weſt to Eaſt, 


The Third amidſt the wond'rous Alen plac” d 3, 


In all her gayeſt Drapery adorn d. 


To ſtrike the Eye, and captivate each Senſe; 
And round her mov d the Moon's officious Light. 


Birds, thro? extenſive, Fields of liquid Air, 


By quick TranGtion, ſported 0 on the Wing, + 
And ſung in various Notes their Maker's Praiſe. 
The Streams prolific pour'd the finny Race, - 
While mighty Ocean with new Monſters teem'd; 
The Wale, with Bulk enormbus'to betiold,/ © {+ © 
Bebemoth, and the great Leviathan, i 4 2h 75 hk 


With ev'ry Species of the rolling Deep. 


Beaſts of a thouſand/Kinds then trod the Plain 


Reptiles and Inſedts ſhone in gay Artive, 


Ting'd with unnumber d gloſſy dyes, that El k 

Shade above Shade, the Painter's matehleſs A, 

Man then was form'd, as for" reign | Lord of Atl, © 

| More fair and wiſe tha all the brutal Trait 
With Soul divine endow'd, ſtupendous Frame, 
_ Godlike, ereR, with Reaſon for his Guide; 


Reaſon, the Gift of great indulgent Heav'n 'Y 
This dignifies the Man beyond the Brute; 


This bids him hold ſweet Converſe with the 42. 
He, with his Talents, and ſuperior Senſe, 
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is ass: 


Thro” Nature takes a philoſophic View, 
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While Wonders, rais d on Wonders, krike bis Fre), | 


* yon vaſt vault demand his earneſt Search, 54 11 
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| Form'd 970 3 8 confols n 
Where Worlds on Worlds eee Mb 
Thro! eee eee 5 OY. 
Two Principles end the Soul of Man,. 2 
His Underſtanding, and his better „ nn” 15 abs 
That, thro'.a Thirſt of Knowledge be paſts, 1 
This, by his Goodneſs, more enobled n 
Nothing below can more enlarge the firſt, 
Or raiſe the laſt, than ſtudying Nature's. 1 * 
Rules, which obſery d, will lead to Nature's G. 
0 Man! jb nr Amp rib 1 
Ne er let the Gifts He plenteous pours. around 
For thy Delight and Uſe, be pour d in Main: 4 15 
Let ev'ry Morn thy Gratitude:aſcend! :.', --- 
Would'ſt thou be rich ?----Laborious dig thy Geld. 
Dig Truth, dig Wiſdom from the latent Mine; 
Then coin, and àſe them for thy proper Bert 4 etl 
If ought to ſpare, beſtow on human Kind,. [7 
And kindly ſhew. them kr 6c or mor 31 
This ſhall advance thee o er the I, + 
And claim Reſpect among the Sons of Men. 915 4 
All hail Pn1LOSOPHY! .Celeftia] Fair Ws er e 
Sent from above, replete-with- ev'ry. Good, 1 1/1: 
T* improve each ſtriving Faculty RW $65 rtf > 
To mend our Morale, and refine, the Henrt. * 
Without thee, what were. thaig . 91.9 pode mals 
With all the grand Appendage of the site) 
Thoſe Stars, that twinkle in the vaſt Expanſe, | 
From thy Aſſiſtance more conſpicuous Gives. ano? MM, 
Silent they teach a Leſſon to Mankind. M unt I 
And light us on ten Scenes of future Joy. 80 un 10 8 
For Fruits of Knowledge, oft th1yenraptur'd, Mind'r 
From Field to Field of Contemplation roves, 1% . 
And forms from Cloſe. Purſuits more gen ral 1 5 
Laws, which the great Phenomena explajact 4hos bf 
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From Seals to Scale of Beings, — 

In Thought profound, — a lady's” 

% To the firſt good) Hit perfect — + 5 

From Stage to Stage; e e e v 2 

Beneath ambroſial Dei, the Gift of ef | e 

Beneath the loud Appliule of Angel. Hefe, 

. Ana lights again off this terreſtrial Sphere, 
Whether' this ſpacious Parth we ved oe, 


Whether mut contemptinive te bus, it 
And jourt&y'tlito” Phirality of” Words; oY 


Which Way ber our Gatlin Genie Toad, | 


We waged eee e 
What rigid Sceptie boldly ſhall deny” de 

Philoſaphy's of ges ab UN to Mer, Rd 
When by it# Study, he more ae i 
The Wiſdom;' Power, and Attributes of 80 
The Miſts of Error puzzte Men no more, whe: 
Such as preval}/d, when #awn'd the awe 
Experience dong all Darkneſs bas remo wd. 
And Truth breaks round us with refiftleſs TIO 

© Shall We, the nobleſt of Creation 's Works, 
From Year to Year fupinely pend our Time, 2 = 
Nor once indulge 4 fervtivizing Thought,” | 
| How Matuyej/ preguewt with'all Life can ere, 
Preſerves, throughout, one great, harmonious asd 
To ſearch ber Ways wilt more Contentment yield, Kt 
„More laſting Pleaſures, mire exalted Joys, - © jos 
Than all the Stores'th breat Peru can give, © . 
o. potions Daene Git Hite - n 
Türe Life mort Courle, what triffing Warn 


Fraught wich us Mef'& Advantage to the Mind; i. 
The ever ſtudious to enhance . 


| While full PN IM tl the dag by, AT ft 

Beauties there are, which more refin'd Pay 
Which in mote delicate Succeſſion riſe +; 
From Wiſdom's chaſſe Embrace, and gde, Ble, x 
duch as attend us thro” this dreary Vale, 


Nor leaye ug,: Nl we!leave terxeſirial Thing 
In Youth they finmly fix our wand ring Thoughts 
And ſtamp. the beſt Ideas on the Mind 5+ + + | - 5 . 
Add Luftre to the Paths of middle Lie: G bs hu 
Glow in the Boſom of the hoary Sg 
Crown with illuſtrious Worth his rev 3 1. 
And make him ſmile ſerene er eee 
Thro' various States Proſperity adorn 1 
Retreat and Comfort bounteouſiy beſto , a AL 
When ſtern Adverſity tremendous fro us. ho 1 [ 
Delight at Home, nor e'er eee * 55 
They travel with, us to remoteſt Climes, 014 
Make ev'ry Country yield a Tide of Joy hoy wes wid Tf 
Attend thro® vr Office of the Day. A -$o- e632 9 FRY # 
And when the Night returns, with. e Lc 
Innumerable Uſes flow to Man, 
Thro* ev'ry Branch of circulating Trade, dat 
From the juſt Lights which Nature's Plan affords. bee: 
With arduous Toil th? Afronomer acqumes 
The Frame of Heay'n,, made eaſy to his Sight; 
He views the vig'rous Sux's meridian lac, 
The Meon,, and ey'ry Star that gilds the B. 
Fram. hence, the Merchant, emulous of Wi | 
- At proper Periods, truſts the raging Seas 
Knows when the Winds will gently ſwell the SY * 
When bluſt ri ring Boreas ſleeps within his Cave; 5 
And either, India's Stores become his on. 0 0K 


811 ** A 


The grave Phyſcian, by Aoſe Study, finds... . 
The healing Virtues and Effects of Wen. . Si | 95 
Wich all the Tribes of medicable Herbs. 9 55 


With equal Care, the Chymiſt too dtins 8 SST 


4) ih 


The Uſe of Meta, Anse ob 
' Prepares, les, und Ik < All.” nite wp 
Th Apothecary happily explores / 
en PINOY | 
And calls, by del Reuter, . Aide,” $ 3 toe 
To form his Med eines rind reſtore nee, _ 
The poor Merhaiicy with Attevtion due, bei 
Dann wa gin lee, 

| Led by her Laws, B „ 1 
At proper Times; 'to fertilize his Lands, 
r us 

A golden Crop; dm Carer” beruf Hand. 


In ſhort, look round this habitable Globe, aden 45 
View Kings and orebendeees ep FOG 5 


8 Charm d with the Fi#tees of Philsfoply i , 12 22 * EO, 1 


Thro' wey naked e ern 


What Man of Rea but deres the Maid?" | 
For Reaſom fl ancnds ber ry Herr 10 | 


Theo" n Ragjon wire tie tales her Blight,” 
 Prri.os0PHy | Sure Guide to limpid Tru, ö 
Choice of the Wiſe, a Myftery-to F, 
Who blind iin üg wn dem thy winning Smiles, 
In Ages paſt, thou rear ddt thive hondur'd Head; © * 


A while amperfe&t.known-- --26ll rolling on Ay. x, 


With. ſmall Improvement down the Stream of Time, 
Thy Features more refimd, and lovely et G 7.2 


Finith'd at length by Newton's plaſtic Hand; 
_ Philoſophy commencid x finiſn d Fair, |. — iſ TY 
Adorn'd with e ry Beauty, Grace, e, 
To win obedient Hearts, and gain Appluuſe, 11 217 
1454 


O, more and mo entend thy gente Sw 
O'er Virtue's ſavour d Race; and'bleſs ae, 
Make ev'ry Fair R 


* 


"4 3.) 
Ban 0 with thy Charms, gy faivar grow 31; 41155 


O, raiſe an Emulation, truly great. fluf i 


In ev'ry Art each other to-tranſcend | 14843 v0 


On cider od Yr ed. ” o 1 


A juſt Proportion of jadulgent Pa arts... ; 507 Al 
And form d alike. Competitors for pi 52 


From Education only, Men are found. 8 0 


By Cuſtom taught, to claim ſuperior Senſe; _ 17 
Riſe, zealous riſe, aflert your natine Rights, 65 e 
'Thro* Nature's Volume diligently. per, TRE 
And claim with us an equal Share of kene. r 60 
What great, r 


Blefs'd Emanation of th Almighty Fr! - 


The firſt material Link in Beipgs Chain ! „ 


Worthy the Po. that firſt call'd thee forth - | 1 * 


From Darkneſs, and | Confulias's wide Domain | 5 \ 
Attracted by thy Pow'r, dhe mviſh'd Eye... TELE 
Deſcants on all around with vnſt Delight; ie 
o inte. 
Far Maw's the wed row Webern Gen 

Auſpicious Light ! be friendly to Mankind; 
Long o'er the Produſs of this fertile Globe. 8 
Diſplay thy Charms, till Time mall be no-mare. . - 


What various Dyes on Trees, Herbs, Fruits, mrs 


Thy Rays refrafted,, beautequs pour abroad! 
Light to the Peach imparts the Bluſh jt re. 


Tinges the Ne&'rine with a deeper Red, | 3 Fl 
Beams on the Plumb that. oft, ng Mie. n 


» 


A RT TRY) | 


Paints ev'ry Colqur in the Peacoct's Tail, 1 5 


With ſplendid Iris, that celeſtial Bow. 
How cee he i Ft 

As on the Pump E: confeſs; 7 
Creatio i Fruits no more could vig'rous hre, | 
Tha di SONG win NED. -- 


$9 © 


Porous are * the vegetable [ 
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' And all receive fred Bandes it's oi Ki, TY wh 
vy jun Gradation w'the royal Ok.. 
Or. Cedar, which adorns the Mountain's Brow, © 
Our Atmoſphere all pond'fous preſſes round was - 
In ſtrict Proportion oer the — vr oh fi oa pay 


Vet all ſuſtain'the vaſt; furprifing Weight, © nA 
Buoy'd by Reſiſtance of internal Air, ins rp 
The Winds from Vapours purge 'th' atrial Climes, 
Which, otherwiſe, would taint both Man and Beaſt.” 
| What Care has that Almighty Mind beſto y . 
On theſe, his lower Worke, Works all Divine! $5 
How worthy our Inſpection and Retard We . 
Let Pride abaſh'd fink humbly to the Duſt, 13 wo f 

When we behold the ſame tranſcendent Skill N 
At large diſplay d thro' Nature's ample Field, 
As in this glorious, fair Machine of Man. kin 
Sing next, my Mufe, hat Uſes flow from K 5 
Whoſe Medium is the wide circunifluous 1 dt 
Caus'd by ſome ſudden Stroke, the quay'ring b 
Aﬀe& the Tympanum, and ſtrike gur Ears. _ | 
How ſoft, how pleaſing to th' attentive Mind - | 
Are Notes, arifing from melodious Strings ! "art "1 2 

Artful they ſooth our Troubles into Reſt t, 
And wäft the Soul beyond her native ee. mor ar 
So David plens'd the royal Far of Saul, 152 
Baniſh'd all Diſcontent, all anxious Thoughts, | 
And power ful made the Snakes of Envy . 
Tarantula in vain envenom'd bite. 
If Mufic's fov* reign Antidote oppoſe : 4 e ee 
By juſt Degrees, th a f ited Patient feels 
No more a Numbneſs of his nat'ral Pafte, 
Enliv*ning Airs affect his whole Machine, 
His Legs, Arms, Fingers, catch the ling un 
With Joy he bounds, to perfect Health Ws d. Fe 
From Concords, fuch great Benefits ariſe, 3 

And ſuch the Goodveſt of the great Supreme? © 5 
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What Pow'r has 3 1 Poree ! a3 
By which all Bodies to their Center tend; 
The San attrafts the Plauets in their Orbs, 
This Globe pale Cynthia gliding in her Sphere | 
All teeming Matter gravitates to Ba,, 
Towards her Bowels, where her Center lies: 75 
On ev'ry Form it acts with equal Force, 
As much on Feathers as more pond'rous Gold! 
What Qualities the uſeful Magnet yields, 
Which conſtant points the Needle to the Pole, 
Unleſs betray'd by ſubterranean Ore ! | 
Without the Loadfone's neceſſary Aid, 

The Mariner in vain would plow the Deep, 

In Queſt of foreign Ports, in foreign Lands. 
How great the Pow'r, the Wiſdom, and Delign, 
Of One almighty, all- creating God ! | 
Who form'd this World fo uſeful and fo fair, 
And from her Entrails gives ſuch precious Gifts, 

What various Scenes 211 wonderful ariſe 

From the Purſuit of Electricity! 
An Art well worthy of the greateſt Praiſe; 
Improv'd by Moderns thro' a Length of Years. - 
Like ſome fair Science now ſhe lifts her Head, 

75 And claims a Volume to record her Uſe. 2 

p Great Truths have lately been diſclos'd to Light, 

1 While undiſcover'd lie ten Thouſand more, 

T Which Time and Study beauteous may unfold, 

+4 And publiſh wide their Virtues to Mankind. _,, 


On Themes like theſe the Maſe could much enlarge, 
9 Ti enfores the Study of great Nature's Laws, 
vi And prove its Uſes to the human Race; 
2 But Time contracts her Song, and damps her Flight: ; 
21 A Chain of Subjects muſt remain unſung, 
Ts Fraught equal with the great Creator's Pow'r. 
it Here, let ſome Fav'rite of th' Aionian Maids 
af | | B f 


ta» 


15 1 ee . 
While I, inſpir'd with Gratitude and Love, | 
: With this Addreſs conclude the facred Song. 

* Creation's Lord! Great Nature s glorious Guide! 
Who ever wakeful, from thy bleſs'd Abode,  - + 
With piercing Eyes ſurvey ſt each dawning Thought, 
Eire brought to Speech, and flowing from our Lips 
Attend thine Ear a-while to ſuppliant Duſ t, 
Duſt form'd by Thee, and form'd indeed divine! 
When Inclination prompts with warm Deſires 
To ſearch this Fabric of the lower World, 15 
Direct, auſpicious Guide, our Search arig ht! 
Or when we ſtrive to ſearch the Heights above, I 
Curious to trace thy more ſurpriſing Works, 

Thou light us on to thoſe celeſtial Scenes, 7 eg 
Where Beauty, Order, Harmony conſpire | 5 
To raiſe Devotion, and exalt our Loe! 
While ſecond Cauſes ſtudious we aſſi ggg. 
Ne er let us, mighty Lord, forget the Fir: ẽ  - -/ 
Thee, Firſt and Laſt! by whom all Things were made, 
For thy own Glory, and the gen ral Good, —— 
What daring Man ſhall impiouſly attempt 

To ſet at naught thy great important Laws? 
Nothing in vain has thy great Hand deſign'd, 

Replete with all that-laviſh Hearts can wiſh, ß. 
Shall Atbeifts ſay this.glorious Fabric roſe 


From Nature only, not from Nature's Gov? 4 * 


O reign Supreme, in Majeſty ador d, 

Extend thy Sceptre o'er the Hearts of Men; 
Cruſh Atbeiſi in its Birth ; from Age to Age, 

While Thou renmin 'ſt One univerſal Cauſe, . _ 
The er, 10 the . reign of the Wan 11 Yo | 
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. PHILOSOPHY, Ge. 


e e, ee, 


. In which by Way of Introdufiion ſome of he moſt valuatle 
Propofitions in GzonusTRY, and the rational of com- 
mon MansurAaTION will be mehanically proved—Sir 


Ks edit fs OI 
| Reſolution of Fores—Fying and Swimming accounted | 


T is abſolutely neceſſary that every Per- 
ſon who would ſtudy Gzocxarny, A- 
'$TRONOMNY, &c. ſhould know ng 
| | of Geometry. 

In order to which we ſhall obſerve, 


ae as a Dot ma 
hs the Compaſſes, as (.) 
But a Mathematical Point is not a Quantity, being 
A a Term or Bound 3 a Quantity, Or in Eu- 
1 REEL, ; 


with a a fine Pen, 2 | 


9 


8 4 — 2 * * Ea * 9 * P 
3. SIE oth 1 


1 \ 
* 0 " x * v 


eh ne Drrixirions. Left. 
clid's PH: a Point is that which hath 00 Parts, or 
which hath no Magnitude. A 2 
| 2. A Line may be conceived tor be tw i 
' the Motion of a Point: If the Point in Motion 
moves continually in the ſame Direction, it then 
deſcribes a Right Line,' or is the neareſt — 
between its two extreme Point. 
— — 8 
But if the Point- in Motion is continually changing 
its Direction, it is then a curvilineal Line, « as 
Fig. 1. Plate I. : 
WH 3. A eas or Suberſies i is that which has 
_ only Length and Breadth, and may be conceived- 
= to be generated by the Motion of a Kent as Fig. 2. 
Plate 1 
-* £2 heli Solid 1 is that which 120 Linas Breadth, 
and Thickneſs, and may be conceived to be gene - 
rated by the Motion of a Surface, as, Fig. g. 
Plate I. generated by the Plane 77 moving on to B, 
and from thence to C. ; 
5. An Angle is the Inclination. of two Lines; NO” 
if the Lines are right, that i is ſtrait Lines, the An- 
_ gle is called. a right Lined Angle, as Fig. 45 5 | 
and 6. Plate I. | 
| For the future, when we only ſay Link we would | 
be underſtood to mean Right Line. | 
6. If a Right Line. ſtands upright on AN 
Line, it is ſaid to be perpendicular to that other . 
Line, and che Angle ſo N is called a. right . 


= 
— 
"Lon. a. 
„ 
x 


i, 


7 neck K —— — 


— opons-mord thile »'Right * | 
Angle is called obtuſe, as Fig. 6. Plate I. And ar 
Angle which is rere recen tee by 


Acute; as Fig. 4. Plate I. 


8. A Cirde may — ab formed by ths 
turning round of a Pair of ie as in nab... Lie 


Plate 1. 8 wet 18 


The Boundary Line of it is called the Ao or 


Circumference, as A B D E A. A Right Line drawn 


through the Center C, and terminated on both : 
Sides by the Circumference, as AD or B E is 


called the Diameter, and the Extent of the Compaſſes 


in deſcribing it, or half the Diameter is called the 


Radius. 


as Fig. 8, Plate I. 


10. A Square, is a four aded 8 l Sides 
are all equal, and Angles all * Ange; * 


Fig. 9. Plate I. 


11, An Oblong, Reftangle, or - Right 401 Pardllelo- 
gram, is that four ſided Figure, which has all its | 
Angles Right Angles, and oppoſite Sides equal; but 
not all its Sides * to each * as Fig. 2. 


Plate 1. ; | © 


12. Parallel Liner, are fuch as ; keep 5 at the 
ſame Diſtance from each other; as in Fig. 10. 


Plate I. B F being equal to CG G, the Lines AD 

and E H are Parallel to each other.. 
13. Scholium.  Mathematicians/ for. the more 

eaſy comparing the 1 e * Angles bear 
B 3 3 | 


9. A Triangle i is a Figuie bounded 5 Wess Lines, : 


. : oe % 
"4 ' - * 2 
* A * 4 


to each other, ſuppoſe the Circumference of. Peri- 
phery of every Circle to be divided into go equal 
Parts, called Degrees, (ſo that 480 Degrees are a 
Semicircle or two Right Angles: And go. Degrees 
2 Quadrant or Right Angle) each of theſe Degrees 

for exact Comꝑutations, are ſuppoſed to bo divided 

into 60 equal Parts, called Minutet, and eur of 

dhe ſe into bo-equal Farts called Second. 

In Writing, the: Charafter for Degrees is, 3 

nytes, "3 Seconds, ''.— —Example. Three- _ 
grees Ten Minutes and Eighteen Seconds is com- 
ee eb e 10: mo ns 


Orohen Tic Al THEOREMS. 


14. Theorem it, If two Lines interſe& each 
other, the oppoſite Angles are equal. Thus, in 
Fig. 11. Plate I. The Angle ACE is equal to 
Angle BCD, and the Angle 4 AC 81 is equal to the 
Angte ECD. - 

1 15. Theorem zd. The Area 8 Reflearie? Pa- 
rallelogram is equal to the Length multiplied; by 
the Breadth. Thus, if à Plank repreſented in 
Fig. 2. Plate I, be 12 Feet long, and 2 Feet broad, 

it contains 12 multiplied by 2 equal to 24 ſquare 

Feet, or in other Words, its Area is 24 Feet. 

1 16. Theorem gd. If a Triangle and Rectangle 

Parallelogram have equal Baſes and Alitudes, 
(Heights) the Triangle is Half the Rectangle. 
Hence the Method of meaſuring: or OY the 
| Areas of 2 4c is evident. | 
17. The- 


hn 


| rea. | Gromtrnicas FT 


177. e 4th. In 1 Right wand ee LE 
4 on the two mann.. = 
the Square on the longeſt Side. 5 

Thus, in Fig. 12. Plate I, The Squares Bart 
taken together are equal to the Square Ro 54. 766 
18. Theorem 5th, Equiangular Triangles are 
ſimilar. That is, in Fig. 13. Plate I. If the Angle = 
A is equal to the Angle D, the Angle B equal to 4 : 
the Angle E, and the Arigte C equal to the Angle = 
F. Then as AB'isto DE is AC to Babs and 
fois B C to E. „ 1 

19. Theorem 6th. The Hon: of any. * Regular” 
Polygon is equal to half the Perimeter multiplied 1675 
by the Perpendicular let fall from the Center, to 
the Middle of one of the Sides. Thus in Fig. 14. 
Plate I. The Area of the Polygon i is equal to half 
the Circumference 7 BOL D EFA Beg ag 
ET. . 

20. Theorem an The * of 3 a Ciee-ivequat ä N 
to half the Perimeter ae by Half the 
Diameter. 

2 Thetseht Bi” Siimilar gutes ars in e 

portion to each other as the Squares of their lie 
Sides. Thus, in two Squares, the Side of one be. 
ing equal to twice the Side of the other, their 1 
Areas will be, as 2 multiplied by * 10 1 ge 9:58 _— 
by t, that is, dhe we” | 1 
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22. 8 As a plane or r = 


5 only Length and Breadth, 2 Solid has en, | 
Breadth, and Thickneſs. . 


"2g. Def. A Cule is a Solid | bounded by fix equal | 


ns as Figs 16. Pl. 3 


4. Theorem 1ſt. A Cube i is tit by multi- 
1 the Length by the Breadth, and that Product Fe 


by the Depth or Thickneſs ; (which, is called leubing 


che Side.) 
235. Def. A Paralllapipedon is a Solid e 


in Fig. 3. Pl. I. which is conceived to be generated 
by the Motion of à Reftangle en or 


Square A. 
26. Theorem 29 A Parallelopipedon i is ts 


by multiplying | the Long, DO, and Depth 


together. 
27. Scholium. If the Baſe (or End) 3 is a > regular. 


5 right ned Figure, as a Square or Triangle, the So- 
| lid is called a Prijm, and is meaſured by multiply- 


ing the ent io by 995 N n 16 


8 and 17. PL I.. 


28. Def. A Pyramid is a Solid whoſe Baſe is "wr 


right-lined Figure, and whoſe Sides are Triangles, 


whoſe Vertexes all meet in-one Point, called TO ; 


Vertex. of the Pyramid. | | 
29. Theorem gd. A Pyramid is a third Part of its 
circumſcribing Priſm. Thus in Fig. 18 Pl., I. the l 


* AC E is 7 one third of its circum- 
. 


2 * << 


Left. * 8 1 zonzxs. 


ſcribing Priſm B AF EC,, and. there nt 
is equal to the Area of the Bl D mailed by # A 
third of its Altitude A D. 
z0. Def. A Cylinder may be conceived to be gene- 
rated by the Revolution of a Rectangle Parallelograem 
about one Fin fideo 3 haing iy ee 
Stone of a Garden. 
31. Theorem 4th. The Content of a. Cylinder is 
equal to the _ of its circular Baſe multiplied 12 
its Length. 83 
32. Def. Aci a Solid grand by . Re- 
volution. of a . right-angled Triangle, about its Per- 
pendicular. Thus, in Fig, 19. N. I. if the Trian- 
gle ADF be conceived ta revolye on the Line F * 
it will deſeribe the Cone A D 
33. Theorem zih, A 0088 is a; Thicd of is cite 
eumſeribing Cylinder: Thus in Fig. 19, H. I. the 
Cone A DB ig on Amen 
der AEC I. 1 301 4 | 
34. Theozem 6: A: Wen Cha wen 
Ball, is two Thirds of its eireumſeribing Cylinder, 


— 


Tuus in Fig 20. Pl. I. ed ee kj 


3 Cylinder oo 
38. Theorem 7th, Similar Solids are in Propor- 
tion to each other, as the Cubes of their like Sides, 
Thus two Cubes, the Side of one being equal to 
twice the Side of the other ; the greater contains the 
leſſer 8 Times, But. 1 multiplied by 1 multiplied 
by , 35 to 5 is the e 1 4 4 2 ae 


4 
ö 


. 92 p 


4 


| 22. © BP bee Fs 0 l. 


— 1 2 4 9 — * 


vy r mulüighed by 2; equal to 8, is the Cube of 2; 


D , N 

un Py '$ 7 
2 = "x - he — / 5 © 4 LIE ai LES — 2 - | 
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PHILOSOPHICAL LECTURES: 


5 "Having 8 . preparatory Propok- 
tions of Geometry, we come now to our principal 
' Deſign, to diſcourſe on Phyſics,” or Natural Philoſophy; 
That is, the Science which leads us to the Knowledge 
of the principal Phenomena of Bodies, and the 
Laws by which Natite, or rather the Gop of Nature 
* Material World, _. | © | 
37. We cannot begin our Pep! Lecture * 
ter than by giving tie Rules which Sir Iſaac Neu- 
Lon has laid down, e e OI WING | 
JCCCCCCC ay 0D 

Rule 1. Weare to ada of no more Gabe 
natural Things, than ſich ag are both true and hath. 
cient to explain their Appearances. . T 
Fer what is more, agreeable to Divine Wikdow, 
chan to ſuppoſe i it does nothing in vain oo 23 
89. Rule 3. Therefore, to the ae Effects, 8 
5 75 as fax as poſſible aſhgn the ſame Cauſes. 

Reſpiration i 15 a Man and i in a Beaſt the | 
| Deſcent of Stones i in Europe and in America, Kc. ; 
© 39. Rule z. 3. The Qualities of Bodies which can- 
hot be increaſed or diminiſhed, and which. are 
j- to belong to all Bodies 12 82 che Reach of 
our 


, * 
PET 
- 


Experiments, are to be eſteemed e e 
Qualities of all Bodies whatſoever, Thus, becauſe 
Extenſion, Diviſibility, Impenetrability, Mobility, 
and Gravity, are found in all Bodies on which we 
make Experiments, - we conclude they are TIN 
belonging to all Bodies whatſoever, 

40. Rule 4. In Experimental Philoſophy, we are 


duction from Phaznomena, as accurately or very, 
nearly true; notwithſtanding any contrary Hypothe- 
ſis that may be imagined, till ſuch Times as other 


rendered more accurate, or liable to Exception. 

This Rule muſt be followed, that the Wee 
of Induftion may not be deſtroyed by Hypotheſis. 

41. By Matter we underſtand whatever has 55 
tenſion and Reſiſtance. 

42. Concerning the Divifibility of Matter many | 
Diſputes have ariſen, Some contending that it 8 
infinitely diviſible, others denying it. 

It is plain no Part of Matter can be aGumed bus 
the Mind can conceive it to be divided into a leſs 
Quantity, as a Half, Quarter, Kc. Of this Divi- 
fion a Half, Quarter, &c. ad infinitum._ But whe-. 
ther Nature does admit of Matter being capable of 
an actual Diviſion, ad infinitum is not ſo eaſy to de- 
termine : And indeed the moſt probable Opinion 

is, that all Bodies are compoſed of a Collection of 
very minute Particles of Matter, not actually divi- 
ſible, . However, Nature proceeds in the actual 


Diviſibility of Bodies i in N Inſtances, into Par- 


A 1 ticles 


to look upon Propoſitions collected by general In- 


Phenomena occur, by which they may be either Y 


Le 1. pt Pauker lee, th * 78 


* 


* 
5 


4 wbssds ee Luctonne, | het. 


ticles fo ſaryriztbiiy ſubtle, as to 1 even beyond 
Human Comprehenſion. | 
We ſhall mention a'few : 7 

43. Firſt. Dr. Mufchenbrotk Hays, that thete Was at 
Augſburg an Artiſt, who of one Grain of Gold drew 
a Thread 500 Feet long; which might have been 
aktually divided into g60 Thouſand Parts; for an 
Inch, as he obſerves, may be divided into 600 
viſible Parts, each of which will be as long as che 
Breadth of a fine Human Hair. 
44. Second. That c ure Phitolopher Mr. 
Boyle, diſſolved one Gia n of Copper in Spirits of 
Sal. Ammoniac, Which Solution being infuſed into 
28534 Grains (or 41b. 1102. 8 dwtk. 22gr.) of 
Water, made it throughout of a Blue Colour. 
Now Water of the Weight of a Grain is the 37 ten 
thouſandth Part of a Cubic Inch, and therefore the 
tinged Water was 1035 Cubic Inches. But in 
evety viſible Part of the Water there was ſome Part 
of the Solution of Copper; and fince in a Cubic 
Inch there are 216 Millions Parts viſible to the Eye, 
one Grain of Copper will be divided at leaſt into 
- 22 Thoufand 788 Millions of vifible Parts. Gabe 
we illuſtrate by" an Experiment nearly the ſame. 
45. Third, A Grain of Carmine divided into 
; 921 Thouſand” 600 viſible parts. Shewn by Exp. 

46. Fourth. One tenth, or leſs b Part, of a Cubic 
Inch of Oil of Lavender ſo ſubtiliſed, as to ſcent a 
1 5 ve 3 Thouſand 4 A million Ny its m 


prizing Divikibitiry is : ; | 


A A Num: 


Vet Or Mono: „ If 


eber 6 dther Pxperimoints: might be pro- 
duced. —But Inſtarces of this Kind a are e endleſs, 5 
A "MY =. 14 I'% £ 
42 52 | Of Morton.” Fo ' AY t Fes 5 ; 

. The Fs. Thing: necelary, Were to 
our Enquiries i in Philoſophy, is to conſider ths Sine 
of Motion given us by Sir Iſaac Nemtan 

Law iſt. Every Body in Proportion to its 8 | 

tity of Matter p erſeveres in its preſent State of Reſt, 
or of uniform Motion in a right Line, · unleſs it be: 
compelled to . . us by wn 
thereon. 

48. Definition. . The 3 or Quantity of * 
tion, is the Power or Force by which a moving Body. . 
ſtrikes or, endeavours to ſtrike, any Obſtacle on 
Impediment which oppoſes. its Motion 

49, Theorem, This Momentum, is as. the Velo. : 
city. myelin by the ;Quangity, of en e s 
Wag: 

80. Law af Whatever Motion, or Alteration of 
Motion i is produced i in any Body, it is always pro- 
portional to, and re ofithed{otins: on 
neee 1 
51. — 1ſt. If a Body A, be ed ws 
two Forces at the ſame Time, one of which in any 
Time could carry the Body from A to B, and the 
other in the ſame Time from A to C; 3 then if theſe 
Bodies both att together, the Body A will in equal. 
Time move from A ta-D i in the Diagonal A D, of 
the | Parallelogram ABDC, Pl. II. Fig. 1. Exp. 

| C © Co- 


P * 
4 
N 


ns 15 5 Or- Motion. IH ke. 
52. Comliay 2d. Hence may be underſtood the 


3 Compoſition and Reſolution of Forces. 


Thus for Example, Pl. II. Fig. 2. if @ Power of 
three hundred Weight acts in the Direction C D, | 
and another of two hundred Weight at the fame 


Time in the Direction CB; make CE equal to 3. 
Cc cqual to 2, compleat the Parallelogram and 


draw the Diagonal FC, which meaſuring 4, a 
Power of 4 Hundred Weight acting in the i- 
rection of F C produced, viz. in that of C A will 
| ſaſtain or keep the other Powers in Equilibrio, Exp. 
369. Again, if 4 oblique Powers act on each 
| other. For Example, ſee Fig. 3, PL II. Let the 
| Parallelogram CE aF be compleated, let us ſup- 
poſe CE, 2; CF, 3; and Ca, 4; produce a C and 
make CA equal to a C viz 4; then the Powers 
drawing in the Directions C F and C E are reduced 
to one that acts in the DireQion Ca; and conſe- 
- quently would be balanced by an equal Power in 
the Direction C A: But a Power in the Direction 
CA may be reſolved by the Parallelogram into two, 
one afting in the Direction C D the other in che 
Direction C B. Let C D meaſure 4, and CB, 1; 
then will 4 Powers, viz. 2 Hundred in the Direc- 
tion CE; 3 Hundred in that of CF; 1 Hundred 
in che Direction CB; and 4 Hundred in che Di- 


| __ reftion CD, ſuſtain each . witen Fre all 


at once. EU. . 
54. Corollary gd. If a Body moves in a Curve, 


that * muſt proceed from ſome External f 


* ' * * * * 2 * * 
By * s * - < * * 1 


. 7 2 y 7 £ _ 1 So) * 
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Cauſe; and w ver that cea 147 M WOE. 
on in a right Line; as a Stone moving in a Sling. 


55. Corollary 4th. Hence alſo it is evident that 
all Bodies which move round a Center, endeavour 
to fly off from that Center, A familiar Inſtance of 
this is Water flying off from a Grinding- n in N 


; Motion. 8 


F every nab ee ere. 


poſed an equal Re- action: Or the mutual Actions 


of two Botlies upon each other, are e 1 


and directed to contrary Parts. £xp. 


Whatever draws or profes another is as 8 
t other. If you preſs a2 


Stone with your Finger, the Finger i is alſo Ws hs 


drawn or preſſed by 


by. the Stone, _ 


If a Horſe.draws 2 1 by 3 of a | Rope, | 


all the Force by which they act upon each other, is 

expreſſed in the Tenfion of the, Rope: But that is 
the ſame throughout, and therefore equal at each 
End, upon the Horſe and upon the Stone. : 


Hence we eaſily account for Rowing Swimming ; 


* ” * « 4 x "+ < x 4 : 3 
: s * 8 „ by S 3 © 7 ; . \ & 7 * „ 
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Z""LECTVURE-. 


| Of the ATTRACTION. of Concrsion; J 


Or that Quality by which the Particles of Matter e 

each other. Hence the Nature of Gluts and Solder. 
"The Solution of Bodies in E fo bs 
eue Tubes, & +1966 Bars . 


57. 1 Cohcefion of the Parts of Matter, i is that 
Quality by which the Particles of Matter, 
of which larger Bodies are N adhere to 
each other. | 
58. The Exiſtence of ſuch a 8 in e 
may be ſhewn by a great Number of Experiments, 
fome of which are: 
1. By the Globular Figure of a ſmall Part of any 
Fluid, 
2. By two Drops of Duickbivar 33 
g. By Cohœſion of two Glaſs Plates. 
4. By ditto of Leaden Balls. 
5. By ditto of Braſs Planes. 
6. By a Boy's Clitch Bob, or Sucker. 
7. By Nature of Glue and Solder, 
8. By making Looking-Glaſſes. 
359. That this Power acts only at ContaRt of of the ö 
Particles, or at Diſtances indefinitely ſmall, is evi- 


dent by Experiments of TE or reducing 
Bodies. to Powder. 


+ #| 


_— 
' 


60, This 


ted 9 Cases: jets 
60. This PO CW Nepean 


pol Kind, viz; by re-compounding and uniting _ 
the broken Parts of Bodies. by the Interpoſition of 
ſomething, which by connecting them together ſhall 


attract the ſeyeral Particles, to form folid Bodies - 


again, Thus, Water unites the Parts of Flour into 
| Dough and Bread, and looſe Earth into Bricks. 

61. Hence it may be obſerved, that, though i in 
common Diſcourſe we ſay ſuch a Thing may be 
made of Braſs, Silver, or any other Matter, as if 
the Difference of Bodies conſiſted in the different | 
Kind of Matter it was made of, yet it is much more 
reaſonable to conſider with Sir Iſaac Newton all Mat- 
ter as homogeneous: And alſo, that the great Vari- 
ety of Bodies, and the different Changes which we 
ſee happen in them, depend on the Situation, Dik 


tance, Magnitude, Figure, Structure, Power ang 


Cohœſion of the Parts of which they are compounded. 

62, The Attraction of Cohœſion may alfo be il- 
luſtrated by the e en ſy: wil 
— Exp. 

63. Particles of Water are aged more e by cu 
than by each other. 

64. Particles of Mercury are more attrafled: by 
themſelves than by Glaſs, Exp. 

635. By the Attraction of Cohzfion, ne moll bon 
derable Operations in Cry may be e 46. 
counted for. 

Thus, in the Solution of Rodies i in W 
P than that the Particles of 


: 
e Cg- the . 
4 * - d * 


* 


© eee * = n. 
the Medium straft thoſe of the Salid with a greater 
Force, than the ee tha: coins wp 
e re- 1 g 

66. As Ancaition. has is Ur in Chomſky, fo 

* alſo Nepulſion. 

Thus by the ARton of Heat 2 rue, or 
of the Sun affiſted by the Wind, the Particles of 
Water on the Surface of Seas, Rivers, Lakes, &c. 
being ſeparated beyond the Sphere of each others 
Attraction, immediately repel each other; and when 
fo ſeparated, having larger Interſtices become lighter 
| than Air, and therefore, as will be ſhewn in Hydro- 
Latics, muſt aſcend, till he Vapour arrives at that 
Fart of the Atmoſphere whoſe ſpecific Gravity is 
equal to that of the Vapour, where it will. "= 
about in the Form of Clouds. | 

67%: Hence-alſo appears the Reaſon. of. Diſtillation 

and Sublimation, &c. in Chemiſtry ; being nothing 
more than a Fluid or Solid Body having its Particles 
ſeparated; by che Heat of Fire, beyond. their Sphere 
of Attraction; and ſo put into a repelling State; in 
which, they riſe from the Subje& in a Steam, and 
are by the Recipient condenſed again into Liquor, 
or collected into. à Body of fine impalpalle e ü 
called Flowers, Sublimate, & c. 

68. From. hat has been already bremiled. it 6 
more, than proþable that Herdne/i, Softngſsy and. Fls- 
idity of Bodies, depend on the Figures of their com- 
ponent, Particles. For the greater their touching 

Surfaces axe, the more ſtrongiy will they adhere to- 
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Les. I, Or Cartes, Tess, 8 by | 8 * ; 1 7 bo Wo 
gether, and form ſolid Bodies If they tough each = 
other but in a few Points, they will eaſily yield to 


an external Preſfure, and form What we call ſoft 
Bodies. If they are globular, they can only touch 0 
in one Point, and ſo the Force of Cohoſion being 
the leaſt poſſible, they will be put into o 
Wer Force, and form a Fluid. 

69. By the Attraction of Cebaften, Bag nv in 
Capillary. Tubes, but Quickfulver i is deprefſed, — Hence al- - 2 
ſo, we ire the Reaſon of the Riſe of Water, &c. in 
Sponge, Sugar, Sand, &c. Alſo the Nature of w 
Capillary Siphon, Filire, and Riſe of Sap i in Vege- Tee 

tables. Ep. e N . 
- 70. The Sap riſes thro" the Body of the Trecy, 15 
and re returns between the Bark my e OS. 
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LECTURE III. 


2 


Falling Bodier—Projectiles or throwing of Bombs Na- 
ture of Pendulum. Center of Percufion—Expanſion of 
eee > ON ARR EGO 


Of ATTRACTION of ' Gravity... | 


71 PHoven this Principle, -as will appear 
© in our Aſtronomical Lectures, is diffuſed 

through the Solar Sy ſtem, yet at preſent, we ſhall 
conſider it only with reſpect to our Earth. -. 

As it will be proved hereafter that the Earth has 
a diurnal Rotation round its Axis, it is manifeſt, 
that, was it not for this Power whereby all Parts of 

the Earth tend towards its Center, the Particles of 
which it is compoſed, would oy off, like Water F: 
from a Grindingſtone. . g ET 
72. This Power at equal Diſtances fro the Cen- | 
ter of the Earth, is always proportional to the Quan-+ 
tity of Matter in the Body, on which it acts. 

73. The Gravity or Weight of a Body at any 
Place between the Surface of the Earth and its Cen- 
ter, has been ſhewn by Sir Ifaac Newton to be direct. 
ly as the Diſtance from the Center, 

74. Gravity on the Surface of the Earth, and any 
Diſtance above it, has alſo been ſhewn to decreaſe 
in che ſame Proportion as the $quare of the Diſtance 
7s As- 


| 


ved. U. On: Bebe. N 2” 


75 As me Height of the higheſt Tower from 
which. we can make Experiments of falling Bodies, 
bears no ſenſible. Proportion to the Earth's Radius, ; 
therefore the Force of Gravity, at the. Top of the 
Tower, or at the Bottom, cannot ſenſibly differ, — 
Hence in Experiments en falling Bodies, or Pro- 
jeRiles, it may always be ſuppoſed equal! 

76. If a heavy Body be let fall freely: From: | 
State of Reſt, it will in the firſt Second'of Time fall 
16 Feet and a Tenth, and the Space deſeribed in 
the next Second of Time will be three Times as. 
much, in the third Second five Times, and ſo ow as 
the, odd Numbers .1, 5 5,75 95 e fey 
ay mentioned. 

77. The Aue deſcribed _ falling bete 
as the Squares. of the Times. Thus for Example, if 

6 Feet in the firſt, Second in t/a So · 
r Times as far, (4 being equal to a 
or the Square of 2) and therefore 
| ibed a Space, of 64 Feet. In g 
Seconds it would have fallen through-g multiplied 
by 3. equal t to 9 Times 16 Feet, equal to 144 * | 
and fo on for any\o other Time. 

| This and follywing explained by proper Kl. 

78. The Velocities acquired by the Fall of heavy 
Bodies are always as the Times. | 
279. Hence alſo the Vplonitins.arn as. esu. 
Root gf. che Spaces deſcribed. he 

What is meant by Square Root, i 44 more than 
the Number, which multiplied by itſelf will produce 
| 3 GR Eee the 
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80. Its Shit be firsd'out of Gunz or any pro- 


Jefted Body be afted on by an uniform projeQile 


Force, and the Force of Gravity at the fame Time, 


it will not then deſcribe a right Line, but (abſtract · 
ing from the Reſiſtance of the __ a Nee —_ 


by Mathematicians a 'Parab6la, ' 
This Curve is the fame: as is deſcribed Wen 


: ning of Liquor out of a Caſk, on turning the Cock. 
The Doctrine of Projectiles being a Subject too 


difficult for a popular Lecture, I ſhall only take No- 


tice; that an Angle of Elevation of 45 Degrees, will 


throw a Ball the greateſt Diſtance on an horizontal 
Plane, which Diſtance is called the Amplitude. 


. 
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81. Abet Curve «tia by Makemniciaus n | Cycloid, 
may be conceived to be generated by the Motion of 


2 Nail i in the Attire or Band of a Coach- Wheel, when 


the:Coich is ariving over Plain e 
trated by Exp. 

82. If a Pendulum vibrates in a cyeloid, the Time 
of Vibration will be the ſame, whether it deſcribes 
longer or ſhorter pepe ee and wo wad Hui 
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ans Ita Pendulum, vibrates between eycloidical 
Cheeks, the Bob or Weight will move in a Cycloid, - 


ind therefore by the laſt Article, always neh in 


equal Times, be the Vibrations long or ſhort. 


84. As a common Clock deſcribes: but a Amel 
Arc, the Arc muſt very nearly coincide with the 
Curve of the Cycloid, and eee Vibra- 


tions muſt be nearly equal. ee ie 
85..A Pendulum gg Inches 8 two Tenths in 


Length, is found (in England) to vibrate Seconds. 


86. The Times of Vibrations of Pendulums of 


Lengths, Thus, a Pendulum of gg Inches and two 
Tenths in Length, vibrating Seconds, another: of 


one Fourth of that Length, viz. 9 Inches and * 
Tenths, will vibrate in half a Second. Eb. 


87. By ſuch a Pendulum, the Diftance of T hun- . 


der may be eaſily computed, by counting the Num- 
ber of Vibrations between ſeeing the Lightning and 
hearing the Sound. For Sound moves about % 
Feet in a Second of F . 

88. The Weight of the Bob aids No Sees: 
in the Time of Vibration of e 


Of CenTer of Wee a 
OSCILLATION, | 


© Ie: a ene Rod be ſulpended a as a e 
ws it will vibrate in the ſame Time as a Bob Pen- 


nme 


enn 


- 
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| aid as collected into that Point, Which is 2 


cuſton: Becauſe, if a Perſon ſtrikes a Blow with that 
or any other Pan 145046 : 
lengthen by Heat, and'therefore, in hot Weather, 


N e Ws e ona e. 
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den 1 vers. : n.. 
| 08 that Pare of the Rod called th ou 


a ae nigi N 
90. Hence, the whole Wessel the: Rod may be 


Thirds of its Length from the Point of Suſpenſion, 
and may, therefore; be alſo called the Center Per- 


Point, it will be greater i ne with che _ 
91. All Kinds of Metal: Haſta cod and 


the'Pendulums of Clocks will be too long, and in 


. 


e Crnrun of Gravity, © qi ID, 


- 
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05 Center of Gravity is that Point in a Body, about 


| Which all its Farts exactly balance each other; and 


therefore in Effect, the Weight of the whole Body 
may be conceived, to be collected into that Point. 
9 · If a Beam be ſuſpended by Wer f ow: 
viey it will reſt in any Poſition, ———Fxp. 
94. But if the ſame Beam be ef WA 
Axle paſſing thro' a Hole direQly over the Center 


of Giavity; the Beam wil Wenn an horizontal 


| Poſition. Exp. 
95 · When the Center of Cie is n the 
Body will not fall. IA. 


96. The Center of Gravity always actor to | 


deſcend :, Notwithſtantling the Appearance of he 
Double Cone and Cylinder moving up an inclined 


23.7 th. | 
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: 977 If Line be let fall perpendic uhr to "os Ho- 
rizon from the Center of Gravity, it is called ä 
Line of Direbtion ;* becauſe, if the Body was ca-. 
ried downwards by the Force of Gravity, the Cen- 4 
ter of Gravity would deſeribe that Line. 
If this Line falls within the Baſe of a Body, * 
ſtands; if without, it falle Several . 
98. Hence appears the Reaſon why, whilſt ſome 
Bodies flide down an inclined Plane, as Fe, 2 
others, as Globes or Cylinders toll. EW. ; . 
99. The Center of Gravity of à regular Polygon 2 
or Circle, is in the Center of Magnitude, or Point 
as neatly 8 poſſible every Way equally diſtant, © 
from all the external Parts of the Body. Exp. 

100. The Center of Gravity of a Triangle, is 
found, by biſefting two Sides of the Triangle 15 
Lines drawn from the oppoſite Angles. . 

For the common Interſection or theſe Lines is 
the Center requited.—Exß. 8 x. 

101. The Center of Gravity of PRONE Fi- 
gure ys de ret found rr PCN; by 
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o the BALANCE or COMMON SCALES. pos. 


102. A Balance is a ſtrait Line or Beam moveable 

on a fixed Point, 6 

103. In che Nen val usged, there will be | 
an Equilibrium, when the Weight multiplied by the 
_ the Ares on one Side, is equal to the 
D Frodutt 


% 


WY e n 
9 : 2 
— N 


2 


n 1 m. 


' produtt of the Weight and Length of the Arm e on 


the other Side. Exp. . 

104. If in a Pair of Scales, the * "ow 1 
equal, it makes a deceitful Balance, and is readily 
di ſcovered, by changing the een * one 

Scale to another. E. * 

10g. If ſeveral Weights are hang on the / of 

a Balance, there will be an Equilibrium when che 
Sum of the Products of the Weights into their re- 

ſpeRtive Diſtances on one Side, js equal to the Sum 

of the like Products on the rage Side dl the 

| Axis,——Exp. | 

106. In Balances or es the Center of 8 

vity ſhould be a little below the Center of Motion 

0er Axis. Exp. 

10%. The Arms of a true 8 or Scales 
ſhould be both of equal Length. 

106. The Points from which — e are 
ſuſpended ought to be in the ſame right Line as the 
Center of Gravity, that no Part of the . my 
de loſt in an oblique Direction. 

The Friction on the Axis ſhould be as leaſt 
poſſible, in order to which, the Axis ſhould be 'as 

ſmall, and the Arms of the Beams as long, a as. .Ge 

Weight it is to ſuſtain will admit of 
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LECTURE AV.” 


07 MecuAnics, — 5 a 


N Explaining the Nature of Levers, Pulleys, Wheel and Avis + 
© —Indined Plane — Compound Machines; viz "Wage, 
Streu, Wheel-Carriages, Crane, Jack, 8 and 
Machine for cutting * under 8 of 
Friction. 
| Of 1 Levers. 


199, K E 5 differs only * the Balance i in 


the Manner of uſing it; - and is of three 
Kiada cos 1. When the Fulcrum or fixed Point 
on which it turns is between the Weight and Power. 


To this Kind may be reduced, Oars and poor ö 


of Ships, alſo Sciſſars, Pincers, Snuffers, Ke. 


Hammer or bended Lever to draw Nails, may he I 


looked on alſo as a Lever of this Kind. 

110. Second. When the Fulcrum is at one End, 
the dewur at the 2 and the n, between 
them. 


To this Kind may 910 BIT cutting Koives | 


fixed at one End, and Doors moving on Hinges, 
and the Hebſtock, a Machine uſed in Germany for 
the ſame Purpoſes as our Hand-Screws. 

111. Third. Sort of Lever i is, when the 88 


is at one End; the Weight at the other, and the Power 


or Hand between them: But this, as the Power 
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muſt be greater han the Weight, is never uſed but 
- in Caſes of Neceſfity, ſuch as in the Caſe of Lad- 
ders, which being fixed at one End, are by the 
Force of a Man's Arms raiſed againſt a Wall. 
112, In all theſe, there will be an Equilibrium, | 
when the Product of the Weight into its Diſtan nce 
from the Fulcrum, is equal to the ProduR, of, ho 
| Power into its Diſtance from the Fulcrum; or in 
other Words, when the Weight and Power are 
reciprocally as their Diſtances from the Fulerum. 
r L124 14-374 000 FIR 


of the Haxp-Banzow, Tn 
| 279. When two Men any 2. curtain Weight 
on a Barrow ; then, as the Length .of the Barrow 
between the two Men, is to the whole Weight, fo 
is the Length from the Center of Gravity of the 
| Weight to either Man, to the gte the dat, cel | 
z ſuſtained by the other Man.—£xp.' * 
114. In the Multiplying Lever, or ſeveral e- 
nected together, the Power to the Weight, will be 
in a ratio compounded of all the Powers to all the 
Weights, 1n the ſeveral Levers _ which it ir con. a 
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1 15. An 8 Pultey adds. no Force, but Mota 
| leffens the Friction, by cauſing the Rope to run 
v3 ES. itt ite THY 4 19 
15 1 116, If 


£ 7 


"Left, . "Oy Mecuanren „ * 
9 ih. 8 wo be movable — volley, added, 
each under Pulley doubles | the Goes of the | 
| Power, =—Exp, | . | 
417. And in theſe, as in has Machines, *. 5 
will be an Equilibrium, when the Velocity of. the 


Weight multiplied by the Weight, is equal to che 
I Power 8 by the Velocity of the Power. 505 


of the Wurrr and AxLE, . 


* Of this Kind, is che common Wheet for 
ndfiag Water out of a Well; 1 e ans Wind- ? 
- laſſes'of Ships, &c. 0 

In theſe there will k be an Equilibria, when the 
Radius of the Axis is to the Radius of the Wheel, 
as the Power 1s oy the Weight. | 


+ Of the IncLivzp Plans. | 


, 1 19, A ſteep Hin: up iel any n is to oe 
drawn, may be looked on-as an inclined Plane, 
In this, there will be an Equilibrium, when the 
Weight is to the Power as the Length. of the * 
is to its Heighth.—— Exp. 5 
1x 20. Hence, the Force by which a relling Body 
deſcends on an inclined Plane, is to the Force of its 
abſolute Gravity whereby it would fall in free 
Space, as the perpendicular 83 of the Plane 
E of the Plaue. 9 - 
1 121. Hence alſo, a Body acquires the fm Vele- 


605 5 falling feels the inclined Plane, as FOE 
* IF fell 


48 IRE, o, dee. 50 be . 


2447 £74 


Fell directly e the porpendieuy Prighth of 
ae i 
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122. The Wedge, for fplitting Wood, Kc. 3s . 
| 15 called one of the ſimple Mechanic Powers, 
viz, thg z Ich. but improperly, as it cannot Act with- 
out the Percuſſion of the Sledge, or Hammer. 
And therefore, what has been generally given by 
moſt Authors relating td the Wedge, is very little to 
the Purport. For as its Force depends chieſiy on 
the Weight and Velocity of the Hammer; it is fuf- 
ficient only to remark, that the leſs the Angle of 
the Wedge is, the eaſier it will enter, or keep the 
Sides of the Wood open, without flying back. 9 


„ e ell en 
O the Screw. | | 


12g. The Sc is generally called the 6th CS 
Power, but improperly alſo, being really a Com- 
pound Machine, 38. it cannot be uſed without the 
Lever. 
And here will be an a Equilibrium, when ns 
"Weight i is to the Power, as, the Space « deſcribed in 
one Revolution by the End of the Lever, to Which 
the Power is applied, is to the Diſtance ena 
the Threads of the Screw, that is the Height h, t 
, which the Weight would be raiſed by, one Rev, 
lution of the Screw, © © 
124. In this, as as well a as f ne 
Tice Is oy a 85 
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ſez, for by. it the Screw is kept. i in its Polition, 1 
when atiy Body is required to be ſtrongly: preſled, 
. otherwiſe it would fly back to its firſt Poſition. | 

125. In Jacks, Cranes, £4, all compound Ma- 
chines, the Weight is tothe Power, as the Velo- 
city of the Power is to the en rere e 
e j Pat , «$66 PE 4 $2347 1 | 1E 


we Wakzi-Canmaons, 155 


11413047 | 
126. To treat ally of Fg 6d e cls FA 
*enties and, Inconveniencies of different Kinds of 
ier carriage, would require a 'LeQure 0 of Aug | 
I ſhall therefore only obſerve, of Friction. i 
That the Reſiſtance ariſing from Frigion, vlt 18 
remain unvaried, whatever be the Magnitude * 
the rubbing Surfaces, | provided the Weight and 
Roughneſs of the moving Baile gn the ome. 
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| "427; Aud Ci Ketpect to Week Carriages, ....—- 

the Weight or Load yg oe on N _ 
3 Whetls, for a 

Obſtacle than a t * 

18. L might? nos, ieh ige on ff fc th "7 

Streſs of Timber, Nature of Arch es and; * 

for Bridges, Kc. as T fometimes day's When 1 read - 
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in the Academy; but have omitted! it, as it has not 
yet been read on Ro other Peifon, a and ö 


take up rather too mu dom in this — 
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"LECTURE v. and vf. 


Tie Principles of Geography explained, wa ihe Conte. 
ion and Uſe of various Kinds of Maps and Charts. 
The Uſe of the Globes, with the Pharnomenon of the Har. 

| * Moon, and fone Gee Paradox, 


| 129. Gro n is the Art of deſcribing 


the Figure, Magnitude, and Poſition, * 
"6s ſeveral Parts of the Surface of the Earth. 


130, The Earth is a ſpherical, globular or round 
Figure ; and is uſually called the Terraqueous Globe, 
191. The principal Cireles and Appurtenances 
| of the Clobes or Armillary Sphere; are. Firſt, the 
A, is an imaginary Line paſſing thro? the Center 

of the real Globe of the Earth, upon which the 


whole Frame > thereof 3 is. ſuppoſed to turn round, : 


Second. "The Fan bis the two 8 of 


| = / the Axis, one wheredf i is term'd the North N. of 


15 i, "Ind the other the deal or Antgrtic, | 
Fw 232 Third. The Horizon is that great Circle 
Which divideth the, Globe into two equal Parts, 
term'd the upper and the lower 3 and 
is repreſented'by the upper; Surface of the wooden 


circular Frame, an eee Middle of the 
Globe, 1 


4 N 7 
133 · 


T6S 1 LS 901 1 ov by 121 3 24 4 
p "The Meridian | is that great Circle 


wich ITY through the two o Poles, ae ; 
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3 | Glotie ante . — d this mem 
and Weſtern Hentiſpheres. | tek benen rg 
is that Ring or Hoop in which the Globe e 


134+ Fifth. | The Equator. or Equinofial, is that 
| great Cirele which divideth the Globe into two 


equal Parts, called the Southern and Northern He- 


miſpheres. Not. When we fpeak of the Terreſtrial 
Globe we ſay the Equator, but with'Relation to the 
Celeſtial Globe, the Equinoctial. 1 lt TL o ft 
135. Sixth, The Tciptic is a great Cirelo which . 
croſſeth the EquinoQial in two 'oppoligs Points | 
called Aries and Libra, making ü Angle cherewüh 
equal to the Sun's greateſt Delination, vin eu! 
to 23% 38. In this Cirele the Zun (according. 
to Appearance) always moves; It is vided into 
12 Parts called Signs, and every Sign is . 
The Names and Chicadicts ol ain nee are as 
1 under: a innen 2 Eil! 
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and the Sun moves in it (according to Appeatance) 


.noRial; i is called the Tropic of Capricorn, to which 


cember, and then makes the ſnorteſt Days and 


ene North Pole is called the Artic Circle; and th 
about the South Pole the Antarlic Cid. 


| ; 
mY ; 


. een 1 Mer- 


cury, ee 4 er Man, 

Adee ee 880 
137. On the Globes the Ecliptiorie: e 

| Ringuillied from the Equator, not only by the dif- 


ferent Colours Where with they are ſtained; but 
alſo. by the Ecliptic's approaching towards the 


Poles, after its Interſection with the Equator. 


138. Seventh. The two Tropics are leſſer Circles 


-of the Sphere 234 28” diſtant from the EquinoRial; 
[that on the North Side is called the Tropic uf Cicer 


on the 21ſt of June, and makes the longeſt Day 
and ſhorteſt Night, to all the Northern Inhabitants. 
The other Tropic, on the South Side of the Equi- | 


the Sun (apparently) comes about the 21ſt of De- 


longeſt Nights, to all the Northern Inhabitants. 
But to People in South Latitude he contrary. 

139. Eighth. The Polar Circles are leſſer Circles 
23. 28” diſtant from each Pole.“ hat Cirele near 


140. Ninth. The Horary or Hour Circle, is a fmall | 
_ Circle of Braſs divided into Hours and Quarters: 
It is fixed on the Brazen Meridian equall y. diſtarit 
. from — 1 End of Sn W4- hieb, an E | 
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is fitted, ta ache Diviſions of the 
_ «Circle as the Globe is turned about. 
141, Tenth. The Quadrant F Altitude, is wad: 


Slip of Braſs, one Edge of which is graduated into 
go Degrees, equal 10 thoſe of the Meridian. When 


it is faſtened by the Screw tothe Meridian, i in the _ 
Zenith, it repreſents a * Circle, pony. 
through any Point. 

142. Latitude of a Place on the Earth cw the Dit. 
tance of that Place from the Equator, reckoned in 
Degrees and Parts of -a Degree on a Meridian, 


Here the Learner ſhould have before him a NOW 


of the World, or a Terreſtrial-Globe. +5 + 


On the North Side of the ee 
Latitude n WO: Side it 52 


Latitude. 


146. As 10584 e at 85 1 5 3 


it is nothing; ſo it ee ee 39 


Latitude is greateſt, or go Degrees. 
144. Pavallls of Latitude are Circles parallel to the 


Equator. Every Fines on the Earth has its n 


of Latitude, 

148 ⸗ N is 4 

diang contained between the Parallels of Latitude 

of two given Places; ſhewing how v en fig 

is to the Northward or Southward of the other. 
146. The Difference of n, can never OY 

2 1$0 Degrees. 62 4 
147. Longitude of „ Y 


Arc of the. Equator, contained between the Me- 


Le. V. N renal, Is „„ 5 15 


. 


, PTS 4 . 
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; Süsel Hp Flac, ee PR Me. 
nidian, hence Longitude' is reckoned do begin. 
© Note. We e cee 
Meritlian that paſſes through Londen. 10 
148. Difference of Longitade is Amer the 298 
wor intercepted between the Meridians of two Places, 
| ſhewing how Fat one of them DW Elva dr 
"Weſtward of the other. e Ae 
As Longitude begins at the: Meridian nne | 
Ex Plate, esd is inge from Aae both Eaſt ward 
and Weſtward, the rec Dramen 
never exbeed 180 Degrees. A 
149 Wuerde Uh ewe eben 
or both South; or have Longitudes both Zaſt, or 
both Weſtj they are ai to be of the ſame or like 
Name: But when one has North Latitude, und the 
Uther South, or if one has Eaſt Longitude, and the 
other Weſt, then they are meer to have ny 
or unlike „ Wk 
50. The Ancient Coojrepher-anl een ſome 
—_— reckon their Longitude all round the 
World Eaſt, ſo that the Place from whence they 
vounted their Longitude, was bath in o Longitude 
und in 360. of Longitade: - Geographers: at this 
Day make uſe of different Meridians to count theit 
Longitudes from, thus, che Engliſh for che moſt 
Fart count from the Meridian of London; the 
French, ſome from Paris, others · from Ferro one of 
the Azores or Weſtern Tflands. Theſe Things are 


* the Ozuſe of Error 2 to ſuch 
ene | 


Perſons a8 are bas lille nequainel with cr, 


or Navigation. 8 
- 131; The Earth is by 8 divided inte.” -': 
Zones, viz. 2 Frigid, 2 Temperate, and 1 Torrid f 
or Burning Zone. pl. II. Fig. . EZ 
The two Frigid Zones are comprehended. between 


the Polar Circle and the FORK ET; Sy 
4 The two Temperate, between the Polar Circles and: 2s 
J The ene between che thee? Tropics. 8 ö 


132. A Parallel Sphere, PI. II. Fig. 4. is FUE Po- 
ſition of the Globe which hath theſe three Proper- 5 
ties: 1. The Poles in the Zenith and Nadir, that is, 
one direfly over Head, the other directly under 
Foot. 4. The Equator in the Horizon. g. The 
Tropics and other Parallel Circles, parallel to the 
Horizon. The Inhabitants of this e are e moe 
(if any) who live under the two Poles. 

153. A Right Sphere, Pl. II. Fig. 6. is th the 
Poles are.in the Horizon ; then the Equator paſſeth 
through the Zenith and Nadir. And the Parallel 
Circles are perpendicular to the Horizon, —— The 
Tnhabitants of this 2 are N Now live under 
. the EquinoRtial.” ; 

154. An Oblique Sphere, Pl. Ur; Big 3. hath theſe - 
three Properties, viz. 1; One of the Poles aboye, 

the other under the Horizon. 2. The Equator | 

partly above, and partly under the Horizon. 3. The 

Parallel Circles cutting the Horizon obliquely. — 

The Inhabitants of this Sphere, are all 1 who 

E live 


— f 


W 
% 
r 


5 50 Wh N Crocnarny, 5 led. y. 
! in any Parts of the. Globe: except the Wies 
and Equinoctial, 

155. A Clomate, is a "a of the Earth s Surface, 
parallel to the Equator, where the Length of the 
Day is Half an Hour longer in the Parallel which 
dounds it on the North, than in that which termi- 
nates it on the South. 

156. The Antæci are thoſe Inhabitants of the 
Earth, who live under the ſame Meridian, but on 
oppoſite Parallels, and are therefore equally diſtant 

from the Equator. Their Noons are at the ſame 
Time; the Days of one are equal to the Nights of 
the other; and their Lenlone of the Year are con- 

trary. 

1357. The ae are thoſe People who lve un- 
der the ſame Parallel, but oppoſite Meridians, 
The ſame Pole is elevated and depreſſed to both ; 
they are equally diſtant from the Equator, and on 
the ſame Side. When Noon to one, it is Mol 
to the other. | 

158. The Abele a are thoſe whe live under « op- 
poſite Parallels and Meridians. They are equally 
diſtant from the Equator on different Sides; have 

4 the contrary Poles equally elevated; the Noon of 

Wi one, is the Midnight of the other; and when it is 

5 _ _ the ſhorteſt Day to one, it is the longeſt to the 

5 bother; and the Seaſons of the Year are contrary. 

 _ -— - 159. The Inhabitants of the Torrid Zone are fre- 

Jl called Amplu ſcii, becauſe their Shadows fall 

on both Sides of om. 


— 


160, Thoſe 


Le CNC = Gtoonaruy, „ F 
160. Thoſe of the l Zones are called "Peri fas 
becauſe their Shadows fall all round them 
161. And the Inhabitants of the Temperate Zones 
are called Heteroſcii, by e caſt their een, 
only one . . 
162. As to the Confirution ankl Uſco of Mage and 
Charts, it would take up too much Room to be here 
particularly deſcribed, I ſhall therefore only men- 
tion the ſeveral Maps which I generallyſhew in my 
Leftures, and paſs on to the Uſe of both the Globes; 
referring their une o mine, or ſome other. 


Courle, . © 71 
1. The . Hemiſpherical 8 com- 8 
monly called the Map of the World. 
2. Stereographic Maps of the World, on. the. 
Plane of the e 8 3 
| 3s Orthographic Projection. 5 5 175 1 F 100 | 


4. The Globular projection. . IE f 7A 

Ws A Mapof a Kingdom, as „ * 

. 6. Of a. County, as Devon, (karveyed? by. the; 5 
Author.) x 55 

7. A Map of a Country. round a "Ei, (as the. 
Author's round Briſtol.) 

8. Murdock's Map, | VVV 

9 Plane (Sea) Chart. e FT 

10, Mercator's (Sea) Chart. 8 LES! 

163. The Diſtance of two Places on the . 


Chart is readily found by a Scale annexed. And 


the Uſe of a Mercator's.is ee diner on the, £ 
Chart itſelf, | mT 
„ uk As. 


1 dee ranken Grons, | 1˙ů v. 


| FA As to bading 3 Placs ph the Chitin is 
readily done by the Latitude and Longitude of the 
Place (which. may be found in Books called Ga- 

zetteers) in nearly the enen 
which we now haſten to, 


| 72 be Us of the e Gion. 


© * 165, The principal Problems of the Terreſttial 
© IP E Globe are, 5 

Prob. I. By the Latitude dag Longitude o of a place 
to find it on the Globe. 8 

Solution. Find the 2 of the Place on the 
| Equator, then bring that Place to the Meridian, and 
under the Degree of Latitude, counted from the E. 
 quator on the General (or wer; Meridian, you 
Will find the-required Place. 
For Examples, find London i in o⸗ Longitude and 
$ 51 Degrees of North Latitude. ; 
Alſo Port. Royal i in Jamaica, in 764 32 ' of Wet 
[2 | Longitude, and 17 40 North Latitude. 


166. Prob. 2. To ind the Due and and Lang: 
| tude of any Place on the Globe. | 


= . Thisbeingonly'the Reverſo of te lat Problen 
need not be particularly deſcribed, 


| | 4167. Prob. g, To find the Angle of Poſition or 


| | Bearing, and Diltance beck, any two Places on the 
„ Globe. 


Eo hom: London Se 3 
N irſt elevate the Nord Pole e to the Latitude 
of 
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of London vi Degrees and a half. Then turn the - 
- .- Globe "til London comes to the General Meridian; 5 
and it will then be in the Zenith. Keep the Globe 
in that Folition, and ſcrew on the Quadrant of Ab .: 
titude directly over it, on the Meridian. Then turn 
the Quadrant about till it paſſes over Jamaica, and 
counting the Degrees on the Quadrant, between . 
the Zenith and Jamaica, we ſhall find the Diſtance 
6849 2 Degrees; and on the Horizon the Bearing 
of the Line of Poſition will be found to be Weſt 3 +. 
a Point to the Norten. 1 
But if we now elevate the pole equal tothe . | 
tude of Jamaica, and bring it to the Zenith, * 
we ſhall then find London will not have the direct 
| _ one Bearing from . but will bear N. E. 5 
. N. 2 Eaſt. | 75 
This Difference in the Bearing is d by the 
Meridians not being parallel but inclined to each 
other, ſo as to meet in the Poles. 1 
168. Though the Line of Poſition, or been Dit 
tance between two Places, does not in croſſing tlie 
Meridians make equal Angles, yet the Courſe which : 
the Canons find in Navigation does; ſo that what. © 
ever dn ah it is from one Place to N * will : 
P 1 may. eee e once he all, to mention, that the Ab 
ſwers to theſe Problems, being worked on the Globe, may differ _ 
ſomething from the exact Truth; and from the ſame worked on BR 
other Globes, as they cannot be conſtructed to a great Degree of Ac- =_ 8 i 
|  curacy, Globes being tore uſeful for conveying Ideas, than for So- | 
lutions ſtrictly accurate, Wan n by Matic 
9 IIS 8 
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be, laune C Grom, Lett. VI. q 


15 the dire oppoſite back again. The Courſe or 
Rhumb: Line is a Curve, as may be ſeen in moſt 
Globes, and not an Arc of a great . 
cer a Teachers in general, have not made 
this neceſſary Diſtinction. 
„ A Deyres is 6e Sea Mis, or 20 Sea 
ann e Leramroong ä 


Are begins LECTURE VI. 


55 16 Prob. 4. BY the Day of the Month i Bag 
the Sun's Place in the Ecliptic. 
o Solution. Seek the given Day in the Circle of 
Months on the Horizon, and right againſt it inthe 
Circle of Signs, is the. Sun's Place. 

Thus it will be found that dhe Sun enters the 
Spring. Signs, Aries, March 20, . Taurus, April 20. 
Gemini, May 21, The Sunmer Signs, Cancer, June 
21. Leo, July 23. Virgo, Auguſt 23. Autumnal 
Signs, Libra, September 22. Scorpio, October 23. 
Sagittarius; November 22, The Winter Signs, Capri- | 
cornus, December 21. NI January 20. Piſces, 


February. ' 
170, Prob. 5. By the Suns Place in ths Legere 
being given to find the Month and Day, _ © 


This is only the Reverſe of the laſt, and therefore 
needs no Explanation; for right againſt the Sun's = 
Place in the Circle of Signs (on the Horizon) is f 
Day of the Month in the Circle of Months. 
apt, Prob. 6, In d Day of the Month-to find 
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the Sun is to Northward, e or Southward ofthe a 
noctial). 4 Ts <> of PBT wad ex ; þ 
- Solution. Find the Sun? 8 Placern Hil Eeliptic by 1 
Problem 4, then ſeck the Sun's Plate in the Zelip- 
tit on the Glaube, and bring that Place to the 
brazen Meridian, and the Diviſion it ſtands under, 
is the Sun's Dectination, on the given Day. 
N. B. In moſt Almariacks is a Table ofthe Sun's. 
| Decliniation, which bes rn e * | 
Praftics,  ' © © 
172. deer, Bytthe $ Sun's Dectnation to find | 
This i is the Reverſe of the laſt, and ; is e 
for by turning the Globe round, you will ſee the 
Degree of Declination on the brazen Meridian wilt 
interſeR the Ecliptic in two Places; ben foe | 
what Days anſwer to thoſe Places by Prob. 5. 5 
N. B. On ſome late Globes a Piece of viper 
called an Analemma, is paſted on, ſhewing by In- 
fpection the . 8 * pie 797 9 of 
the Month. 
17g. Prob. 8. = find all thoſe Places where un A 
Noon at any given Hour of the Day in atty Place. 
Bring the given Place to the Meridien; ſet the 
Index to the given Hour; then turn the Globe, 
till the Index points to the upper XII; and ob-. 
ferve what Places He under the ral Reridiari, for | 
to them it is Noom at that Time: 
174. Prob. 2. When it is Noon at any ono Pls, T4: 
to find what Hour W . 
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Bring the firſt 1 Place to the Meridian and 
WT the Index to the upper XII, then turn the Globe 
till the other. given Place comes to the Tn, 
and the Index will point to the Hour required. 

Example. When it is Noon at London, it * 
about Seven in the Morning at Jamaica. ; 4.245 

175. Prob. 10. For any given Hour of the 8 


where you are, to find the e the 9 in rt 


other Place. | 
Bring the Place aides: s you are. to 9 Meridian, b 


ſet the Index to the given Hour; chen turn the 
Globe about, and when the other Place comes to 
the Meridian, the Index. will ſhew the Men of 10 
D there, as required. <5 ; 

Example. When it is 8 at Night at Lad iti 1s 
almoſt + paſt g in the Morning at Peking in China. 

176, Prob. 11. To find thoſe Places to which the 
Sun is vertical in the Torrid Zone for 1 e 
. ; ; 
Bring the Sun's 8 Place to the Meridian, aa ak 
1 what Degree it cuts; then turn the Globe 
about, and all thoſe Places which paſs under Aar 
Degree of the Meridian are thoſe required.” 5 | 
17% Prob. 12. To find what Day of the "FUE | 
Sun will be Vertical at * . Place i in the Tor- 
"wid Zone. 

Bring the given Flack in, the Meridian,” and war 
the Degree exactly over it; then turn the Globe 
round, and obſerve the two. Points of the Ecliptic 


mur n that De ol the Meridian. 
| | Lally, 
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Laſtly, foe ent che Wooden lee en what Days | | 
TORI ARON NG | 
for thoſe are the Days required. 129605 75 
Thus, at Jamaica the Sun is Venticalon- we | 
yoth of May and | ad of Auguſt. | 401 | 
178. Prob. 1g. To d Pics es 
| is een whe enn f 
Alias: a lus Place to Pa Maids.” 3 | 
the Degree of Declination over it; then bring te 
given Place to the Meridian, and ſet the Index to 
the given Hour; then turn the Globe till the Inden 
comes to XII at Noon, and the Place under the De- 


menen „ 1 
Tenith, at that Time. | 8 
Example. June 3, when 92 7 check ane 0 
Morning at London, the Sun will be Vertical, r 8 

| direftly over Head to a Place in Latitude 23 n ” 
Kan 75 Degrees Eaſt, — falls in mo 8 
199. Pn 44s: 10 ad 85 Place can „ 1 
Tranſit of Mercury or Ven & —_ 
Find the Place where 25055 eee the _ 
given Time, by the laſt Problem: Bring that. Place i 
| to the. Zenith, then to all the Places which re 
above the Horizon, it will be Day, or they can fee | Wl 
the Sun, and conſequently the Tranfit—All the ml 
Places in the Weſtern Horizon will ſee the Phenb- —_ 
menon at Sun-tiling, thoſe under the Meridian at Wl 
_ and thoſe i in the Eaſtern Horizon at Sunk 5 

| WEE. gk _—_ 
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| ſetting; thoſe on the Weſtern Side-of the Meridian 
in the Forenoon, Nenn on the Eaſtern Gs 3 _. 
the Afternoon. I J | 
The Tranſit of Venus which! YARD this Year ; 
1769, on June the zd in the Evening, will furniſm 
an Example. As ſeen: (if poſſible) at the Earth's 
Center, according to London Time, it would begin E 
at 7*. 157, Middle at 10. 25”, End June the 4th a 
1. 35 Morning. And it will appear that at the 
Beginning, England is nearer the Eaſtern Horizon, 
and will ſoon after get below it, and conſequently 
the Inhabitants of Seen te will ſee 120 N | 
oft. 15 | 
0. Prob. 15: 'To ne an [Ment Diat. 
| 1 Elevate the Pole equal to the Latitude of the Place, 
then will the Axis of the Globe repreſent the Gno- 
mon or Style of the Dial: -Conceive in your Mind 
the Paper on which the Dial is to be nn bs: 
be on the Horizon of the Globe. 2M 
Bring any Meridian to lie a under the Ge. | 
naeral Meridian; then as the Meridians are drawn at 
every 15 Degrees of the Equator, they will repre- 
ſent Hours Circles, and. therefore we have only to 
obſerve how many Degrees theſe Meridians, or 
Hour Circles, interſe& the Horizon from the Gene- 
ral Meridian, or 12 O'Clock Hour Circle. 
Thus for Example, in Latitude 31“ 4, which is | 
the. Latitude of London, their Diſtances from the 
Meridian are as in the annexed Table. 
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Then to confiru the Dial, which. may be of any 


Fi igure, round, ſquare, or multangular.. 


For Example, ſuppoſe: a Square, as in Pl. N11. fy 


Fig. 1. Draw a Line VI, VI, to repreſent the Eaſt 
and Weſt, or VI o'Clock Line; and pergendicular 
toit A, XII; for the Meridian or 12.0*Clock Line. 
: About A as a Center, with a Pair of Compaſſes 
extended to 60 Degrees on. a Line of Chords, de- 


ſcribe the Semicircle 5 c d, on which from con each 
Side towards 6 and d ſet off the Degrees in the above 
Table, then Lines being drawn from A thro? theſe 
Points, and produced to the Sides of the Dial, will 
be the Hour Lines required. As for the Morning 
Hours before, and the Evening ones after VI, they 


are drawn by only producing the others upwards. 


As the Elevation of the Pole above the Horizon 


is equal to the Latitude of the Place, make the An- 
gle c Ae equal to 514 f for London (or Briſtol). - 
then will c A e repreſent the Gnomon, which make 


in Braſs, and fix-upright on the Meridian A c, ſo 


that the Point A of the Gnomon correſponds tothe 


Point a of ha Dial. ; 
4 Ladd; © 
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% D N, Carreriar Gn Delt VI. 
2 +90 lay this'Diat on an Horizontal Plane, where 
| a Meridian or North and South Line is drawn, ſo 
chat a XII. may coincide with that Line, then will 
the Shadow of the Gnomon, cauſed by the Light of 
the Sun, ſhew the true apparent Time of the Day, 
181. 1 might now proceed to the Conſtruction of 
various other Dials, but as it is not my Intention, at 
2 preſent, to treat of Dialling i in general, I ſhall only 
_ obſerve, that a Dial may be conceived to be drawn 
= on any other Plane, either vertical or inclined, in 
= : any Angle to the Horizon ; by only conceiving the 
— 8 Plane on which the Dial is to be drawn to paſs thro' 
— the Globe in that Poſition; then will the Interfection 
W: of the Hour Lines (or Meridians each r;* aſunder) 
cut on the Dial Plane, the Places where the Hour 
Lines are to be drawn: And the Elevation of the 
Pole above that Place, will repreſent the Height of 
1 | the Stile or Gnomon. 


= Of the Uſ of the C&LESTIAL GLOBE. 
8 | 188. Prob. 1. TO rectify the Globe * 
8 | ; ; b Place, Day and Hour. INES 
- ! Firſt Set the Globe upon an horizontal' Plane, 
lf © with its Parts anſwering to thoſe. of the World; 
[ move the Meridian in its. Notches hy raifing or de- 
J preſſing the Pole, until the Degrees of Latitude cut 
4 the Horizon; then is the Globe reftified” for the 


Ra 


Left, VI;  Uſeef the ·⅛?ñß ron, 61 
-Secbnd,; Reckon the Latitude from the Equinoc- 
tial towards the elevated Pole, there ſcrew the bevel 
Edgeof the Nut belonging to the Quadrant Al. 
rule, and the lobe is rectiſied ſor the Zenith. 
Third, Bring the Sun's Place to the Meridian,” 
and (et the Index to XII, at Noon, (or upper XII) 
and the Globe is reftified for Noon; chen turn the 
Globe about till the Index points to the” given” | £ 
hour, and there ſtop che Globe, it being then reai-* | 
fied for the 1 v4p Latitude; Zenith, and Time. o 
18g. Prob! 2. To find the. Sun's Amplitude, chat 
is, the Pointof the on ner Oar Sun me 
or ſets. : + IR 2 
Keith the Globe fer Noon bp? Poebtles il = 
Then turn the Globe till the Sun“ rie 
touches the Horizon; in the Eaſtern e ; 
and it will ſhew on what Point it riſes on the 7. S 4 
Horizon: And if the Globe be turned till the Suns 
Place touches the Weſtem Horizon, it will her, . 
tho Foint of Setting 151110 nn n! erz LIVE: n | | 95 5 
Tue dane Operation ſhews the Time of of the n's 
Riking os Setting, for when tlie Sun's Place * 
the Horizon in the Eaſtern Hemiſphere, the Index 
ſhews'the Time of Rifing; as it does the Time o 
Setting, when the Sun' Place touches the Wellen 
Part of the Henn, 8 9 
. Cotollary;- Hence alſo may be known the Lahn is; N 1 
of the Day, for the Hours between Sum Rifing 3 
Sun Setting, will be the Time the Sun continiies oF $4, 
ae , or Lengh ef the Dayi And 
if the Length of ws, ö from 24 
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62 Ub * CallsT141 RY | Leſs vi. 
les, the Remainder * baths Length ofthe | 


- Nights - | LF px, 

Auris Ge eh ond 
the Sun's Amplitude is 40 From: the af pe Wel 
Points, that 43, the Sun riſes K 40 N, and ſets W 
40 N; Which is nearly NE A E, and N] W 
The Sun riſes that Day about 35 4, and ſots about 


8d.3. And canſequentlythe Day (qual th double 
the gur ſattigg, is) 165 3: And Length of the Night 


(equal tendbuhle Suririfing, i, gg.. 
2 Prob. 3. engen gene er re 


Hours. Fe 
Example. Seppel 4k t Raclultte Headleint "I 


| Greenland, Latizuge got Noxth. «Vp ine 1 


Elevate the Pole. equal to the Latitude of be 


* then turning the Globe on its Axis, you will 


, tad that 26 Degrees, of Aries, when it comes under | 
the North Meridian, will woch the Homzon, hut 


not ſet; and that no other Degrees f the Reliptic 
- will deſcend ſo low, as the Horn, "tall you aome 


ig the ath Degree gf Vr thexefare-all»the Tims 


the Sup is paſſing from the; 26th. Degree.of Aries 


the 4.5 
= the a6th.of April to.the 23thof Auguſt, 


185 Prob. 4. To find the Suns ahnden 
F ehe Dey at anjiPlace. 


Kais tcQified, the! Glahe e the Latitude und 
m day the Quadzant of. Altitude er te Buu's 
Nase, aud A fe eg un —— 


r ent Ded 2d 7] 54 10 Age 800 
| | 4 | 


56 of Virgo, abs W eee hs | 


* 


458. M. — 8 


. Es ohe Gundrint of Altitude will meu the Ae np 
mul os the Horizon, FFT + ns 
_ Example,” Ar London, Lat. 3125 rat 3. in 3 1 | 


„ 


Afterooan, the ES 43% 2nd his Au- 
| mach Ws W. 3 1 
_ 456. Prob. x Ha eto 1 
| by 8 *Quadrant, to find the Hour of the Dar. 2 a 
_ ReQify the Globe: for 'the Latitude, Day Ya” 1 
| se and forew en the Quadrant of Altitude; a 
then, if it is in the bring the Sun's Place EM 1 
and graduated Edge d the Quadrant together, on i 
dhe Eaſtern Side of the Meridian; if i in the After - 
'noon, oh the Weſtern Side; then, if the Sun's | 08 
Place inthe Ecliptic cuts the Degree of Altitude on. . - 1 
the Quadrant, the Hour Index will ſhew the Time ; ; 103 
| but if not, move the Globe till it does. 5 
For e a the Reverſe of that in the lat 
cat. 
bp Pro, 6. By the Right Klbilice' Det br. 
E of ; any Star to find its Place on the: Globe, 

ng it to the Genera) Meridian; then der e 

Hellen you Will ad the required Star. EY; 
1089. The folldwihg Table of Right Aſcenfions, 
adagitd to the Beginning of the Year 1778, wilt fur- 
niſh a Number of Examples; and wilt be ſufficiently - _ 

crab for working on the Globe for 7 Fenn te 1 wo 
f coiheß and even then be more accurate Nun molt 1 


N 12 a 80 N we 
ber ae the Autor, 
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I7 TESTS IO ORG TI Wt hpi T Rt, Alc. 
Y Names of the Stars — = 
Fy 15 
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? 
EF 


A? 


_ [Bright Star in the Dove 
Rr Calbe rn Shoulder of Orion] « | 


The. North Horn of the Bull 


* of MIT. 5 Pe- 
gaſus, Algenib 
In the Head of the Renin a 2 
[The bright Star in the Tail? 9 
| of the Whale Th 
In theGirdle of . 612: 
TheSpringof the River Eri- 5 5 
danus, Artur | { 2 
- in the Jaw of the Whale „ as 
In the Head of Meduſa, Algol | 6 [2 
The bright Star of Perſeus 42 
The South Eye re Bull, 21 
| Aldebaran 1 f 
[The bright Star in the left [1 
N Shoulder of Auriga,Capella Capel (| N 22 be 
The bright Footof Orion, Riz f 2 


The bright Star in the Ship 

The Br Ster in ne 

: e bright tar in e 8 

OLE Mouth. Sirtux Dog) 
2 in the Head of the North- 

ern Twin, Caftor - 

1 The little Dog, 1 wb 
Cl — A 


5 the Ship 


ae et ed. ates. 


Argo 


| Arche Star in the Oars of } 


| 


©. 


1 4 


The Lean of the — Hydra . 5 


© ww 
4 
4 
+ i 
— ” 
5 od 
X . \ 


| 
2 
The WeſternshoulderofOrionſ 72 28 
12 
1 
1 


A 


CY 


q 
1 


* —— 


In the Great Bear 4 


le Lows EET Dan 
The Lion's Tail +! 5 


ot of the 8 ; 
he Virgin" 8 Spike 


| Wen Ie 
Bright Star in! dotes, Artcturu- 


| Bright Star in Eaſtern Foot ny & 
f — of Libre | | 


The laſt regen: in the Taitoby 
| 
f the Centaur) 


of the Centaur 


NonthernmoSiar in wag 
2 r pion a5 Fore 


Northern Scale of Libra | 
Stat of the Cruwa f 


< Heart, Attares® 


« 4 
1 
1 19 
” 
, 
wed i 
- 0 * 


n e Fiſh ow avg 


faded 3 
* fam br at - 


he A of 8 
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139. Prob: 7. To de Abende of » Btw, 


** Time of its Riſing, Southing, and Setting, and 
Time of Continuance above the Horizon. —— - 


Having rectifed the Globe for the Latitude and 


- Sun? s Place in the Ecliptic, t turn it about tillthe Star 


comes to the Eaſtern Horizon, for the Riſing, and. 
to the Webern * Setting, as in Problem 20 LI the. 


Sun. 


Bagpt⸗ Thi Oftober 2 at 1 4. 


0 debaran, a Star i in the 1 Magnitude | in the Bull, will 
be found'to rife about 8 o Clock at Night ENE,— 
Ons. Meridian about + in the, Morning; and let 


about WNW about 10% in the Forenoon.— And 


5 conſequently, continues above PS Horizon about * 
„ 4 


790. Prob. 8. Tot and the Altitude — due | 


. of a Star at any given Hour of the Nisbe. 
Having rectified the Globe for the Latitude of the 


Place; the Place of the Sun in the Ecliptic and 


Time; the Quadrant being brought to paſs . 
the Star, will ſhew its Altitude and Azimuth. 


Example. guppoſe it was required to find 1 * 


Ms and Azimuth of Syrius, or-Dog-Stary of th 
firſt Magnitude, « on December 15th, at 10 in the 
Evening e Auſw. Altitude ae we 
- muth SE. an 5 vs 


191. P 724 To, alan the; Time f . wen, 2 
Attitude of @ Star, 4 85 1% an . | 


4 186 p<; he 


This being only the Reverſe of the 


"7 


5 Problem was of the 4th, needs no pins De. 


* 72 


192. Scho- | 


vr, gpituZearr lone 40 


Kalbe Shale CE The antieht Poets eee 
R A 5 


Cr eve . is faid 8 ebe, 
i cathy. © A Star riſer Heliatally When fri it Betemes 
«. viſible, after it had been ſo near the Sun as to be 


„ hid by the Splendor of his Rays: And a Star is 
«aid to fet Heliacally, when it is firſt immerſed,” or 
hid by the 'Sun's Rays. The Titel Stars, and 
« the three ſuperior! Planets, Mars, Jupite, an 


Saturn, riſe Heliatally in the Morning: But 


the Moon riſes Heacally in the Evening becauſe 


* the Sun is Fwifter than the ſuperior Planets, d mY 


«flower than the Moon,t=ulHarris on 


4th Edit. - 44-22 trix se wig vr F uv A Tait . 1 


19 · As to che Planet, after zoek ing in an Alma. 


nack or Epherhetis, fortheir Places in the Eeliptic, 
and Latitude, that is, how murh above or below the | 


Jy 4 


Ecliptic; it is only tb put on a/Patchito'reprefent | 


the Planet, and then work as for the sta. Hense 


the following Problem för the Planets will 2 
No pan Sante 4745 Cer ons N | 


194: Prob), 16! To End the Ring, Sbitking) and 


Setting of the Planets and Moon.” The — org , 


will furniſh Examples enough, particularly the nog! 
Ephemeris or White's or Parker's Ephemeris. 


N. BI As de Planes Paths de . 
commen Ephemerides for Noob, and ﬆ the Moon's 
Motbw zu « few Hours is W about | 
x half 


- ' 
3 
* * 


n 


3 3 : . 
oy * YU / 20 - * 5 


. e e. — een. 


9 AE Deana e meld less sis Sale 
wo Work inge for the Moon'; kirfty by che Plane in 
- 6 Ephamerise fnllincarhe: the Tims : then, by 
wabing the Moon's Hlace ſo many. half Dees deb, 
een ore s be Tun is Houta hiefare or aftor;the 
©, ,mearalh Neu work: dene nit: the Time will be 
mae deenmined, eee or dba 
Wl | 295- Probe 144 To find whe Begining, Ending 
l | * | od Duzation' of Twilight. 4 1 
„ he The, Sun hen Twilight begin S bs fup- 
3 1 in Su Wee ee Point ta the 
| „ee g p ee ene b 

Horizon. I 25 th gh 
4. + oExample.. — con 1ds./3f6f-Qftader, 
Day breaks, or Twilight begins at 4 4, und me 
Sun viſas at 67A bereſare he aration of Twilight 
in the Morning 18 2 Hours: and being the Hume 
Min in the Ruenint aſter Sus :- ſat, will ha in all 4 
_ Which ade to the Length of the , 
gives from Day. break to dark Nicht ag Hour and a 
all. N. B. From the End of May the Middic 
of July there is no dark Night at Len. (Tl 
196. Prob. 12. To account for the Phathomenon 

| af th For Mg, 52 anal 62 10 wah. 
n to this. we! only-eanſidt; thai en 
| the zoch of March, when the,Sunivin the Beginning 
A Aries, the Full Moon on chat Dan hut ts in the 
Beginning of (Libra: And inte when then fan fen, 
o dae Os n that . aun Equinodtie! 
: : eines 
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Degrees, will take up about 2 an Hour and N 5 140 
ee d MH; 3 = 
long will be the Time after un. t the e Night, Thy I} | 4 
before the Moon | will riſe: 6, x CAL Takes | | 7 9 
But at tlie oppoſite Time of the Young /when . A | i 
Sun is in the Autumnal, and Full Moon inthe Ver-. vis 
nal Equinox, as bn the 23d Sept. the. Ecliptic will, 1B 


when the Sun is ſetting, make the leaſt ele win - 14108 
che Horizon; and cherefore, 13 Degrees: Wi Lin this. „ 
Caſe ſbon aſcend, viz; in about a Quarter of zn | 
Hour; and ſo long after Sun-ſet will the Moonj xiſe 
the next Day after the Full: Hence, at this Time 
of the Year, there i is Wuch! more Moon Light 4han 
in che Spring: For which Reaſon, the Full Moon 
next" before the 29d of September is called : the 
Harveſt Moon, and the next after, the Huntet's 
ot Shepherd's 5. bent An TOI is N Wen 
on the Globe. Mt REAR 2 a 
an OY 


197 · Prob. 13. To repreſents A 
know the Stars and Plahets v2 © ILL 1 
Rectify the Globe for the Tas, aid, OY 
Tias of the Night, and it is done. 
Then the Quadrant of Altitude“ being il © over * 


# 
_ 9 
4 * Wr 


es al ow both 46 Alkinide and Azimuth, 
| ſhat is, the Heighth above the Horizon in Degrees, 
| and on what Point of the Compaſs it bears; by . 


; which it may be cafily found i in the Heavens, 


8 rr N we 1 75 ei aha 0 


55 Flow, from the North. 4 7: 


f 


re of an Epitome required,: themoſt uſe IM 
14 f Pröblems r the Globes, and if che Reader i * 


makes Hin milf Maſter of; theſe, he will nat find 


wr ng in folving, ſuch, others, as may fall 
| 8 Patong Hiw KAY 
. E. An % the fering Prove an ond 0: 
m_ Globes, in the Lectures, as, Time will admit. 
'* £98.” We ſhall conclude our Leftures.on: 8 
y and the Uſe of the Globes with the follow ing 
| on of P ARADOXES. ki ee 
< rande 34 dere are two Places on the. Earhyin 
which there is only one Day and one W . 
out the Whote Year. _ 
r . There ate alſo ſome vices an the Earth 
"fit Which it is neither Day n nor Night for 24 Hours. 
ber, 3. There is il certain Place on the Earth of 
a conſiderable Southern Latitude that hath. ena | 
| Hertel and leaſt Degree of] Longitude. :.- 211 
Wh There is a Place, where the Winds, tho' 
frequently v veering round the Compal.y do . | 


1 141 7 


” 


„ There is a emal Place, e a cer- 
"ain ine of the Year, the Sun's Amplitude. at his 
- Riſing, being a certain Number of Degrees from the 
North; on the ſame Forenoon his Azimuth ſhall he 
_firſt a leſs Number of Degrees fam the North, 
Fi afterwards-a greater Numbess than bis. A- 
* l N rn elt cine Leich, 4684 
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er Years finge, 4 


Warn en eee 1 i 
Par. 6. There is 2 Place 60 Leagues Atkant 6 


de Hand, e DN 


This Lade forps Years ſince, 1 


Far. . Tbers ina certain I Dun in the Baltic 2 


to whoſe Inhabitants Gp, 2 Ane Nos 
ing before ber eth and l likewiſe | n Wee | 


ier he is ſet. * CS 0 23 * 44131 145 nt FEY 21. LOO, 


Par. 8. Therg i» cones Vibe el the Ring: 


dom af Naples, | fituated in a Valley, and yet the Sun 
is neater | to the Inhabitants thereof every Noon by 


3000 Miles andaupwards, thari when Wi | 


or ſetteth to thoſe of the ſaid Inn 


5 4 1 
* 


bitants .the:Body! of the M 
be moſt entightened when ſh 
nech and to be tha.leat, when met 
Pat. 7% \Thers are Places. on the Eüth where 
doom Moan and all the Planets do's _ 


wt cannot 9 r Weſt from London. 
Pr 1. It is poſſible for two Perſons to Ig on 
band che fame Ship, and yet one ſhall fail more 


Fer. 9. There is avaſt Country in irh 


ee. qug North. . $hip gr 5 
Lea s North, and: Eos 
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199. A Tale „ the 
Rel cee at bernd nr Londen) of fone 
the A Senf Ae 


Alexandria f in rt 
Athens in Greece 
Rab pen Jo th 8 0 e 
wes Po burg 
tel 5 in Evgland, RR 
Cape of Good Hope in Afri ; 
Cadiz in Spain ann DIVE 
Carthagena in America == 
Co en in Denmark 12 N 4 E 
2 Poland, — . 551 ; 4s 


' Moſcow in Ru : 2 
e n 1 
Obſervatory atGreenwich - I 
ROPE at Paris... ther: -/ 


blervats t Vienna, 7h 
Ee Riſa. — a 3 C: 
Pekin in Sina 20 5715 


Fort Royal in Jamaica { ops FE * 


e in Bohemia — 


74 


Nome at St. Peter's — — 


88 in Italy - - * 342 
e e t: 


a "100 Ane FI: LECT. 
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| 3 Lot . 5804 
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han VI. of th dara Dif of the Lars. 7 


nomy, in order ta render this Epitome a. proper In- 
troduction to Geography for the Uſe of Schools, we 


ſhall givea compendious Account of t the natural and 


political Diviſion of TO aA. 


— 
— 


7 
x 1 " 
» 


Y the Natural Di von of the EaxTu., 


aud The Earth's Surface isnaturally divided i ins i $i | 


to Land and Water, 


202. The Land into 1. Continents. 2. Iſlands, 85 
3. Peninſulas. 4. Ilthmuſes, 8. Promontories. 6. 


Mountains. 


203. The Mater into 1. Wesens, 2. fs 3: Gulfs, 
4. Straits 5. Lakes. « 6. Rivers. 


204; By cutting out the ſeveral Parts of Land and 


Water from the Papers which cover Mr. Sener 8 Ter- 


reſtrial Globe of 28 Inches Diameter, and weighing | 
them ſeparately in an exact Balance, Mr. Martin 


found the e of the ue: for jog was 37 
Grains. 
Ditto for the aqueous Surface 1125 Gtaine 8 
And as the Surfaces muſt be in Proportion to their 
Weight, the Surface of Water is to that of Land, as 
Ito gebs · So that if the Surface of the whole Earth 
be divided into 4 Parts, three of them are covered 
with Water, and only one with Land. 


205. ConTINENTSs are very large Traits of Land, 


containing ſeveral Kingdoms; and are commonly 


reckoned 4. viz. + Europe, Afia, Mens and Ame- 


G 45 rica. 


280. Before we proceed to our Lectures on . oy 
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rica. Theſe Diviſions are frequently, but very impro- | 
= perly, called the four Quarters of the World. 
206. An IsTANp is Land ſurrounded on every 

Side by Water, as Great Britain, Ireland, Ke. 
207. A PeyinsuLA is a Part of Land almoſt ſur- 

rounded by Water, being only connected to ſome 
other Land, by a narrow Neck, called an lsruwvs. 
Thus South America may be conſidered as a Penin- 
ſula, being only joined to North America by the 
Iſthmus of Darien. | 4 
208. A PROMONTORx is a W or © high Hill, 
ſtretching itſelf into the Sea, the Extremity of Naehe 
is called by Sailors a Cape or Head land. 1 

209, An Oczan is a large Collection of Salt Wa- 

ter, ſeparating Continents from each other. : 
2210. A Sza, is a large Quantity of Water, but 
| leſs than an Ocean, waſhing ſome particular Shores. 
211, A Guy or Bav is a leſſer Part of an Ocean, 
ſomething reſembling the Letter C, contained be- 
tween two Shores, which ſurround it on every Side, 
except at its Entrance, where it communicates with 
"the Sea. The Ws are en canes dec 5 the 
| leſſer Bays, 250 
| EE, ; 212. A STRAIT, is a narrow 3 Peay a 


greater into a leſſer Sea. As for Inſtance, the Straits 
of Gibraltar, leading into the Mediterranean Sea. 
213. A Laxz is a large Quantity of Water, or kind 

of inland Sea, without any viſible Communication 
with the Ocean. —As Lake Huron in North Ame. . 
rica; n ed OF ROLES 
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: 414. Runs are toe well known to need any be. 


baltida⸗ 1 


% 


of the You renal Devin of the Ber | 0 
1 125 into Krx6poms, Kc. b 


I | Of Evxors. 1 I" 
2 18 5 1 is bounded on the North 0 the Fro- 


ren Sea, on the South by the Mediterranean Sea, on | 
the Eaſt by Aſia, and on the Weſt by the Weſtern 
Ocean. It lies between the Latitudes of 724 N. ane 
364 N. and Longitudes 65 E. and 104 W. of Lon- 


don. It is in Length about 3000 Miles, meaſuring 


from the NE. to the SW; an in | Proaculy about 
be "5p Miles. "ke 


* 


16. In the following! Table: are given the Poſition 


of the ſeveral Countries from the Middle of the re- 
| _ theftive Quarter of the World in which they he. 


Tze chief Cities with their Latitudes and Longitudes 
(from London) to the neareſt Degree, being ſuffici- 


ent to find them on the common Maps, As to the _ 


Table of Latitudes and Longitudes given in P. 72, 


they are very correct, being collected from Aſtrono- 


mical Obſervations. 


Abbreviations, E. ſtands for Evpize: K. Kingdom; | 
R. Republick; D. Dutehy; El. BleGorats 3 11 Frin- 


eh. ay 


oe . 


| Countries,” | B Chief Ges, LGN Long. 


| — — — , — 1 


K. 8 NW. eee {56N{1g E. 
R. Dutchland W. Amſterdam 52 5 E. 


. England W. London „ 
K. France Wo. Paris 49 2E. 
E. Germany Mid. Vienna - [48 16 E. 
K. Hungary Mid. Preſburg 448 % E. 
K. Ireland W. Dublin 63 | 7. W: 
K. Italy , IS, Rome - {42 jig 
E. Muſcovy INE. [Moſcow J56 3 | 
or Ruſſia 87D [Peterſburg .. 169: 30 E. 
R. Netherlands W. Bruſſels 51 


K. Norway NNW. Bergen [Go 1 E. 
K. Poland Mid. Warſaw-w [52 21 E 
EK. Portugal SW. Liſbon 130 gW. 
K. Scotland. W. Edinburgh 56 [g W. 
K. Sweden N. |Stockholm 59 18 E 
R. Switzerland Mid. Bern 47 | 
5 . Spain |SW. Madrid 1 Aw. 

E. DN SE. IConſtantinople . 122 E. 


217. In Europe are four Kingdoms beſides thoſe 
abovementioned; ; but t they are included: in the afore- | 
9 named Countries 


Ihe Kingdom of Bolema, a Part of Gempungs ft 
chief City Prague, in Lat. 50% N. and Long. 159 E. 
218. Pruſſia, a Paxt of Poland, the King's Reſi- 
dence is at Berlin a City in Germany, Lat. 537 N. 
Long. 13˙%E. 

219. Sardinia, an [and belonging to Italy, in 
Lat. 40 N. and Long. E; the King reſides at Aan, 
| Lab 45% N. Long. 74 E. | 

: 220. The Kingdom of the Two Sicilier, 1 
to Italy, the King reſides in Naples, a W in Italy, 


Lat 47 N. . 14* E, 


| 221. The 
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. The principal States in n Germain are, 


. 


5 Auſtria Vienna "4 
El. Bavaria Munich 15 
Bohemia Prague 5 

4 El. Brandenburg Berlin 

El. Cologne Cologne 

El. Hanover Hanover 
P. Heſſe Caſſel | Caſſel 


El. Menta 
El. Palatine 
El. Saxony 
El. Triers 
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222. The principal States in Italy are, 
'F Chief City. | 


States. 


. 


R. Genoa 
R. Lucca 
D. Mantuan 
D. Milaneſe 
D. Modeneſe 
K. Naples 
D. Parmeſan 
Patriarchate 
a 1 
D. Savoy 

D. Tufeny 
R. Venice 


22g. The principal Seas, ou and Bays in Ew 


rope are; 


The Adriatic Sea; between 1 _ 8 | 
The Baltic Vue n Denmark, Poland and Pr ee 


| sweden. 97 
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bd ſica, Lat. 42 N. Long. 9 E. Lipari Iſles, Lat. 395 


The Bay of Bifeay, between France and Spain... 


Ihe Engi Channel, between England and France, 
| Thee n ar Mia dt, eee, depen Eu 


Ou and Afia, - 
The German Ocean, between © BEE? and Britain. 
The Gulf of Bothnia, in the NE. Parts s of Sweden. 
- The Gulf of Finland, between Sweden and Ruſſia. 
The Gulf f Venice, the NW. Rags of — Adriatic 


Ses. 
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The Madilevrancan Sau, between Duro 155 Africa. 


The Whate Sea, in the NNW. Parts of Muſcovy. 
224. The principal Iſlands in Europe are, 
The Azores or We eftern Iſlands, belonging to . 

tugal, in Lat. g84 N. and Long. 29 W. 


The BRfTIsR ISTES; viz. Great Britain, Lat. 54* - 
N. Long. 3. W. Ireland, Lat. 5 N. Long. 8 W. 


| Orkneys North of Scotland, Lat. 61 N. Long. 
1* W. The Weſtern Iſlands, NW. of Scotland, 
Lat, 53“ N. Long. 7 W. Iſle of Man, Lat. 54% N. 
Long. 4 W. Iſle of Angelſey, Lat. 53* Long. 4* W. 
Ille of White, South of England, Lat. 5 15 N. Long. 
2 W. And the Scilly Iſlands off the Land's-End of 
England, Lat. 504 N. Long. 7* W. | 
DaxiszE IsLes, Eaſt and Welt Greenland near 
the North Pole, as yet doubtful whether Iſlands or 
not. Ferro Iſles, Lat. 62% N. Long. 5˙ W. Ice- 
land, Lat. 63 N. 195 W. Zeland in w_ Bultic Sta, 
Lat. 56* N. Long. 12%E. 
IxATIAN IsLes in the TFT" ny Cor- 


N, 


_ Sicly, Lat. 37% N, 'Long, 14 E. 
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W. Long: 150 E. Sardinia Lat, 400 N: Lon. 10? E. 


Py. 


Sraxtsx Isue8 in the Mediterranean 94, Ivica, 


| Lat, 39 N. Long. E.. Majorca, Lat. 40% N. 


Le 3 E. Minorca (belonging now to ee 
Lat 40⁰ N. Long 4* E. 3 

Swabtsn IsIEs, Iſles of Aland I” 60® N. 1 
3 E, Gothland, Lat. 579 N. Lang. 199 E. he. 
land, Lat. 37 N. Long, 160 1 Sogn Lal. 38. N. 
Long. 14 EE. | e 

Toxxts1 IsL ES, in the Mediterranean, Avthipe- * 
lago Ifles, Lat. 38 N. Long, — E. Fe $74 
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ö 266 Apa is ben ded on the North by Nath. 
ern or Frozen Ocean, on the South by the Indian 
| Ocean, on the Eaſt by the Paciſe Ocean or South 
Sea, and by Europe and Africa on the Weſt,” It 
lies between the Latitudes of 720 North and 10% 
South. Its Length excluſive of i its lands i is about 


- 
wv 


| 4800 Miles, and Breadth about 4300 Miles. 


. contains the Sr 9 Countries, | 


hh - Turky 
17 4 In ſome of theſe Countries are contained 


 Syri 


K r. ch. 


5 s India sac 
= -. 15 18 51 


E. Siberia — 
Kk. Syria 
K. Thibet —— Mid. 


„ 5 
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others. 


a 3 9 


Asiarie Tuxxr contains, 


#4 


Kingkitau 
Iſpahan . ' 


1 Tobolſki 
Aſtracan 
Aleppo 


Ekkerdu - 
| Smyrna 


| Chief Cities 


: 
Nis E 
N[116 E 
N{:119 E 
N{113 E 

286 N41 E 
13-Nhot E 
11 Njzog E 
27 NI 77 E 
| 29 NI 76 E. 
41 NI 96 E 
38 NII23 E 
32 NI 83 E 
47 49 

36 NI 37 E 
35 N75 E 
38 NI 27 E 


6 Poſit. 
Curdiſtan or E 
Aſſyria 
Deſart of Arabia S 
Diarbec — E 
Eyraca * SE 
Georgia RN. 
N _ — W 
W 
urcomaria a „ E 
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Coromandel Carnage 


Coaſt 
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a | 
K. Otixa 
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e The principal Sw, Gus, and Boy in Alz 


ang, 


" Bay of Bengal, between India ad, and India 
| Wes the Ganges. 
Bay of Siam, formed by the Countries of Siam 
1 Malacca. 
Laſbian Sea is ſurrounded by Siberia on the N, 


Korazm on the the Eaſt, Perſia on the South, and 


| Georgia on the Weſt. 


Gulf of Perfua, having Perſia on the NE, and Ar- 


| bia on the SW. 


Korean Sea, between Kere and the Lands 


Yellow Sea; 1 China 151 the Japan Iſles. 
230. The principal Iſlands belooging to > Ali are, 


| Iſlands 
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4 1 A Iſles 


| Chineke * 
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Heine 


Formoſa 
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ard 
Cong! 
Ceram 
Gilolo - 
Luconia 
M indanao 
Samar 
N 
Le 
(Sumatra 


(chief CityſL. 


Macifſer 
Ambay 


Gilolo 
Manila | 
ge: 


| [Long 
109 E 
121 E 
1 ig E 


18 Nite E- 
7 Ni126E 


12 N124E 
Banjar * | 


114 E 
109 E 
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Batavia 
Achin | 
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Adaman 
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Adaman. Ines, 10 the Weſt of Siam, Lat, n. 


Long. 9 E. 


Ceylon | Iſland, SE. of Dinar a the chief Gly, . 
Candy or Candy Uta, Lat. 7* N. Long. 81* N. 

Ladyone or Marian Hands, ny Is AY Lat. | 
19 N. Long. 142 E 

Maldiue n SW. of Biſnagar, Lat: $5? N. Lon. 
* E. 

Nicobar Laas, Welt of Malacca, Tas * N. Long. 
M b 164te= 
4 47 of Argiea, i eee 

231. Tnis large Continent is a Peninſula, ng 
joined to Aſia by the Iſthmus of Suez. It is bound- 
ed on the North by the Mediterranean Sea, on the 
South by the Southern Ocean; on the Eaſt by the 


Red Sea and Indian Ocean; and on the WY by nth 
Atlantic or Weſtern Ocean. 


It lies between the Latitudes of 37 North nk 
35 South; and Longitudes of '18* Weſt and 54 
Eaſt; it is about 43001 0 long and 45uo Miles - 
broad. 0 
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5 2 K. Adel 
. K. Algiers 


K. Barca 
Bidfara . 


EK. Egypt 
K. Loango 
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Zanguebar 95 


| 0 Tunis, are either ſubject to the Ottoman or 


_ Turkiſh Empire, or acknowledge: ME =o 
| Its Protection. : 


* of your * e to the Dutch. 
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K. Angola 


0 I 


K. Bengucdla 
K. Benin 


22 8 


Biledulgerid Mid. N {Dara i 
K. Congo W St. Salvador 
[Cairo 


Guinexß [8 Cape Coaſt 1 
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E. Morocco 
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The Kingdoms of Algiers, Barea, Forue Tripoli, 
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Ayſfnia is governed by its on 3 
_ 4jan or Anian is inhabited by a few Arabs. 
Caffaria or Country of Hottentots, in which i is ihe 
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called the Colt Coaft, Grain Coa Ivory lat ig; 
Leongz and Sade (ot N . 1 e N 


* Dutch, Engliſh, Fresch, and Pottugueſs! 1 


We have very litile, if an) Knowledge; of Sein. 
teriot Parts df Africa; and therefore the: particular 
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World, are not to be relied on, unleſs on or near the 
Sea Coaſts. 11 1MA x0 2 Ss 
"2 34. The principal Seas,” Gults, and Bay: s in 2 
| W n eee Dov At A+: 
The B/ of Benin, ende can of Guiney. e 
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. eee being diſcovered by 

- Chriſtopher Columbus, a Genoeſe, in the. Year 1491, 
was called the New World ;- and America from  Ameri- 
eus Veſpucius a Florentine, who is ſaid to have diſco- 
vered that CR ene: 5- IT 
. EquinoRial.. 
It is uſually Uivided de bes Parts, Moch and 


)& 


| B e lies ng Latitudes of 
20? and go: North; (fo far has been diſcovered, but 
it is not improbable that it approaches neater the N. 
Pole.) And for the moſt Fart between the Longi- 
tudes of go and 150 Weſt; iu Weſtern Boundary 
being not accurately known. 1ts Length is about 
4200 Miles from North: to South, and 4800 Miles 
eee ge ede NY bounded un the North by 
13 Ea . p we 
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e ene on the n ieee 
Paciſe Ocean. 
the Longitudes of 35 


Eaſt by the Atlantic Ocean, and on the Weft 


Pacific Ocean, It is 41 about *. 
220 Miles broad. * denn 


1 in the anpexed Table, 


| ritaity 
New England E 
New Wales | 


Mexico and the great South Sea on the Eaſt by the. 
Atlantic of Weſtern Ocean, and on he Wee 


- 837. Soury I liss hatwoen tho Latitude © 
of 18 Degrees N. and 58 Degrees f. and-between | 
Degrees and 8g Degrees Welk. 
It is bounded on the North by the Caribbean ar North 
Sea, on the South by che Southern Ocean; on the 
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Lk all the other Places to the Engliſh, .: * 


= j J 3 1 239. be principal Places Sou dean. 
1 | hs ee Post. © Chief Plates 
. 2 A | "£3 — * 
_ INA A 
7 Amazonia [Mid River 8 
| 1 BE St, Salvador 
bd! r St. Jago 
Ii _ Guiana ...// = NE þ Surinam 
Ss. I  "LaPlita,  1SE-- Buenos Ayres 1 
= Paraguay Mid. Aſſumption |: 
_ Patagonia |S - 52 
HT | Perv.....; ; +4. 4:6 * Lima 
1: *W "Terra Firma | NW Panama * wn | 
by. 1 5 Amazonia, Guiana, and Patagonia are poſſeſſed 
5 by the Indians, excepting ſome Parts of the Coaſt of 


Guiana, in the Hands of the Datch and French. 
Braſil belongs to the Portugueſe,” mw „ e 


£1 x 28 


* Chili, La Plata, Paraguay, Peru, and Tera Fi ina 


we, Yo 
wt 


to the Spaniards: Pray 25 
i |! 240. The b Seas Gulf and Bay, in Ame: 
4 rica are., 1k 
| | | . Bay of California, in the Pacing Ocean having 9 
1 | lifornia'on the Welt. 3} W 5 
118 Bay of Campeachy, part vf the Gul of W on 
| +48 - the Mexican Coaſt. , | 11933 81 
1 Bay of Fundy, in Nova Scotia, © LING 
1 = "*Bay i Honduras, Part of the Carifibeas My next 
Wh - #o/Mcexico or New Spain. 
1 3 Caribbean. Sea, has Terra Firnta e on — - "if 
: | | the Caribbean Iſlands, Hispaniola, Jamaica, Cuba, 
I! | r Nell, R Gulf 


. 


ſt of Venus, June g, Rr” 


* . 


Let. vi? ; Hil 


cf &. lee between Jer 
Nova Scotia. . HE OTIS 
Gulf of, Mexico, un 
and Florida. 

Hulſon's Boy, on the NW of Nova Scatia. 
241, The g American lands i in the * 
The ANT1LLES” Cuba, chief Town Hera, 


Lat. 23% N. Long. 81 W. Hiſpaniots, chief To. 
St. Domingo, Lat. 19 N. Long. 70% W. Jamaica, 


chief Town Kingſton, e "Long: tide 
and others of leſſer Note. N 


Banana Iz, lie North 1 1 A e. N 


* 


and Long 78*W. 


Lat. 32*N. Long. GW. . 
Cars Bxztof, near the Calf of Se. Lawrence, 
Lat. 47 N. Long. G2 W. 


w. and others in the Caribbean in 
GAA III, NW. of Peru, in the ral. 
Sea, Lat. 2*'S. Long. 94* W. 
. e rrp ten of the Gulf of 85. —— 
 SoLoOHON 11 a "Clutter of 18, en, 
which is named Iſabelle, Lat. 12 N., A8 to Longs 
Geographers place them ſo very different as from 
125 to 170* Eaſt, An aſtoniſhing Inflance of the 
Incorreftneſs of our Maps! Hoy er hope pag that 
Longitudes of theſe. and many others will be accu-: | 
rately determined by the Obſeryations on the Tran. 


Cantor rs. Martinico, Lat: 15 N Long 640 i 
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ASTRONOMY. 21:4 


"That the 8 or Solar Syn will usch f the 
'  , Phanomens of the Sun, Mercury and Venus, the Motion 
S the Earth both annual and diurnal. Cauſe of the Sea- 
fs Day und Neght, Summer and Minter.— Difference 
Eten Solar and Siderial Time,—Beft Way of regulating 
Clocks. —— Motions of the ſuperior Planets, Mart, Ju- 
pier, and Saturn. — Ine Truth of | the Solar Syſtem de- 
monſtrated, by ſhewing that the Zart can neitſer * . 
« Reft in tie nter of the Syſtem," nor any where" aiong ſt 

| the Plantts, and conſequently; thut it mmſt be in "Motion. 
Tupel on an improved Platetarium, &. IE . 


245 * bs; Deſign, of this andthe two on 
| Lectures, is to explain. | the. principal 
Phenomena of the Solar Sf lon, to proys that the 
Ptolemaic or Vütgar Syſtem, \ . hich Juppoſes the 
Earth to be at reſt in the Center,; is not the type 
; Syſtem, being hot agreeable to the Appearances 
of the Heavens: But that 2 Copernican, which 
fuppoſes the Sun to be the entfal Body, ang the, 
Planetst to revolve. round it, is agreeable to, and, 
will readily ſolve al Gy e Pheenormeng,« of /the or 
vens;. ons | bp! ROE 
243. In order wWjadfe which i is he 288 Glow, 
| will 1 proper to ny what ars the ricky | 


Fey} $4 'S a4 i s 
80 owes 13791 3 Sauk, Ar 
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5 „ease ee eee ee 
the true Syſtem can be determined. N .. Wa eien, 
244. The,Stars-appeariall: at ah equal Diſtanre 
| from us; But Reaſon tells us,” that w ought ub 
from hence 49) code that thoy really ate, DU 
. Becauſey as long as we continue in the fame Placb 
we cannot een of the RGA ak very 
remote Objetts. N Ait TH 
| 246. By . the Stand) we eng Wee dihea? l 
=» to keep always the ſame Pblition'and Diſtatice gti! 
each other, theſe are called Fixed Stirs; Others ap! 
pear to change their Places, and are ĩherefore called 
Planets. or wandering Stars. Of ther fred Stars, 
Globes and Maps have been made. Hence, if any 
new Object, as a Comet, appears in the HealSllg: ie 
7 is cab diſcov rsd / tanrie s cop hd 1M. oe 
3 266. The. antient Aſtrotomers;: u een | 
, dily finding the Stars, divided that; Part bf the Hesi 
ö vens W hich, was viſible to them, into 48 Cönſtella- "aq 
* tions, named the Great Bear, Little Brat Dragon; Ce. 
ö leu. &. C DN Pes N 2298614 ot ted T Al 
. 4247+ Theſe. Figures tooktheit-Otiyin from che l! 
F ligious Cetemoniesiof. the £thioplani; "Eg yptitins,” Plest 
; nicians, and Chaldeans, The Greehs adopted” 4 Palt, 
L 
„ 
L 


and diſguiſed: the reſt by fubſlituting Names from 

their fabulous Hiſtor y.. ue u t ri „ 
5 4248. Thoſe wN have faled uc the Seth; e et: 

. the: laſt iz6s! Years, have added bes Connertlutagn ns, 7 

1 nanied Pratocth Oe, Ge Tue Piguies of hefe 
b Conſtellations had och, ware ritt =_ 

Re who named them. | | _ 

g i 222, 0 


ped eee eee tf be bs 
which have deſcended to us, are thoſe made by 7i- 
mocheris and Aroftillus, about 300 Years before Chriſt. 
About 170 Years after them Hipparchics of * Rhodes 
| made a Catalogue: And 260 Ver after) Pra of 
Akaandria reviſed and publiſhed his Catalogue con- 
taining 1026 Stars, whereof 1022 had been afore de- 
termined by Hipparchus.-— This was the only one uſed 
by Aſtronomers till the 16th Century. Others 
have been made by Ulugk Beigh a Tartarian Prince, 
Tycho Brahe, and Hevelius. But for the largeſt and 
moſt nee Tables wo nente N 
rious and ingenious Mr. Hense and the learned 
Dr. Hal. e 

250. Mr. Bayer, 2 1 A Be Ade was the 
firſt, who diſtinguiſhed the Stars in ach Conflells. 
tion by the Greck Alphabet. 
- ut, Among cher Phenomena een the 
Heavens axe theſe following. 
- Firſt, That the Haneto Pinwand Mranyets : 
times ſeen to paſs before the Sun, ſometimes to go 
bdbochind or beyand pity leg e e 
ons an infezior and ſuperior. 

2353. Secondly, Mercury and. Ferus ebe ben 
- InOppoſition to the Sun, nor indeed: very diſtant 
from. it ; Venus in-its greateſt Klongation nat execed- 
ing 40 Degrees, and Mercury a8 2 this laſt· is genes 
_ rally ſe near the Sum, as to he ſaldom ſeon, ert 5 
Wenne 
e Think, 


4 . 5 oy 


be un. Sa. _ STR 3 97 
ag Tus ue Planets” in Allen“ Bits? or - 
their Orbits appear of very differnt Nlagnitudes, 
| Thus, in (particular, Mars ſometimes appears as 1 
as Jupiter, at other Times fo little 1451 to be.; di 
tifiguifhied front à Hued Staf, but by © Relneſy of 
its" A\part- $24! G4 2 Art 89 91g 810 bes : E 
254. Foul" iat all the 8 wy 
with different "Degrees of Velocity. Sometimes 
they appear to move direct or according to the Order | 
of the Sigus, (em Welt to Eaſt) then to. be Statig 1 
onary, or to have no ſenſible Motion ;. then retro» 
grade, or to go backward, for. ſome Time, then 8 
to become direct again, and go on as before. . 
Many other Phenomena: might be added; burt 
theſe are ſufficient' to demonſtrate the Abſurdity 
of that Syſtem, which ſuppoſes the. Earth to bet 
| reſt i in its Center; as it will not ſolue either ee ; 
Fa alt: ale 1 RR. 5 + 
* 3 221 0 75 * TW 
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TY Having fh ein that the Nailmale Sym x 
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will not ſolve the Appearances of the Heavens, we = 
now proceed to take a particular Survey of the le: 70 +8 
Syſtem, and to ſhew how elegantly the Phenome- | 
na before | erved, and all others which have been 
obſerved, are illuſtrated by this Syſtem}; Which is 
repreſented Pl. III. The Orbits of the reſpeQive f 
Planets are diſtinguiſhed by their Characters. The 
Orbits of three Comets are alſo delineate with the 


Vears of their ef Mou In the "right Comar' . 1675 
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- | Roy 0 Saturn, or about 6 Inches N — er- 
e cury ; cury ; B, Venus; 0 the e 25 
= 11 This with his Belts; . $a ith his Ring, : 
* wie... the left Corner gi" ep eren. a 


k 3 "ap! 2 $ as bis as Fig, a; 1 it would In» Ws 
N 72 55 than J at at the ark than dg 


_ his which the Earth and hc Mes Rt ; 
_ the Moon und the Earth, 4 Moons or * Satellites 
round Jupiter, and g round Saturn,” 


—_ 3 257. The Sun is in Diameter 895008 Vl, and 
_ Db ee i, : 16, 


Diſtances 


C 


W 


* 


i 4 
5 '1 
_ . 1 * 
1 | 8 1 
\'F + 1 b 
7 | a 
| * ek 7 5 - th «as 
1 LES 2 LS is 343 #4 *{ ; JCI 
: * d f : j $ 2? 8 4 „* 
' | *- #5 J ; * © 9 3 . =. 2 1} ' - 
J . : 
gd F = * 2 
5 N - 4 F; 15 5 1 * 24 7 } . 3 
| — $ N 3 n A <A j . * . 4 + 2 » #54. bi Nur 
* , , [4 l & s bh 


1 8 - * 5 3 L 
249 45 3 Be III 494 $353 nn 
ay Ys & 3 4 e oh 40 2 * 8 „44 of 3 $1331 S, FER" IF 
2 | , a 5 3 by a A * 3 . $ 
8 ; $23 7 a HS ²˙ » , „ 154 Reg t. „ fo. 
Te 6 . ; * q KF Thy * * of + 7 41 14%, * 24 1 is £ 85 960 g 4 * t 6 
WD ; |; 


TAS OL bf 3 Eo Us Les a b 
if 4 , N 8 £ , "<4 . . F 4 * 1 - n 
LIE ws 4 . * * ' 
J * N SS» 4 —_— % % of « * "_— **% 4-43 * + * * : my 
. . an Nb ers ot rat a dg n Deren 
0 p I a 3 


7 . * . 4 l 4 
* x * * * - - 


il = * I - _ W = 
n by 
tel . 0 . N Wl 
S 
* F l \ 
\ - i * = ur 
o v 
vi 4 \ 
N 
TY 
* 8 — 
| 
: i 
' 
=o 1 N 
CI 4 
: 1 ; k \ 4 
= * 
0 El : + WY 
, | | L C q 8 — 
J p [ A 
9 by 1. 
* hs: 1 
"Ml P * [ = f 9 
4 by \ 
0 he * 
p 7 * 
1 0 N . 14 2 
9 — 
- — 
- n awww aq oo ys oe ws 
* 
* a ; 1 
«> % 


"xt a 4g 
> 
e 


* 


. 

+ rs, 

a. of 
9 


* - 


* 


D 
* £, £7 0 4 — 49 by. 8 9 


vt 2 . 


* IV 
esse 


\% 


=> + 
4 


bd ee 


"Y 
* 
Ve 
a. 
o 
* 
4.6 
6 * 
2 # 
* 
1 5 | 
* jg 
— 1 
. * 
8 7 * 
* ; 
_— 
o * 
| 0 » 
1 
| | q 
| PF 
SRP, *. = 
_— 
* a = 
o 
| Lo 
0 
| 4 
0 


\ y 
. | 
* A ' 
S 
, * 
T bu 
| v 
9 
0 
| 1 
j 
U 
1 
4 
r_ | | | 
| . 
| 5 
« ; | | | 
a | 
4 | | 
f 1 * | | 
| 3 
( , : | f | 
4 | : | 
| | = 1 U l 
C = b : 
- | | a | 
4 * 1 | 
' 4 g | 8 | 
N — = [0 } o i 0 ® _. Py y r 
| - bs 
4 | | | | 
8 | "£ 7 | 
® * l | g 
| bo 5 y 
o U | 
0 
j | | 
2 [ 
o b _ y v | b | | | 
* o \ | 
* l b : 
4 9 
8 o | | | 
K \ = x \ : 
a 9 * * | | | 
- n C | 
b - * 3 S | ' 
| | J - 1 
l | W T.4 CG 
0 of | | | 
* = o Y U i | ; | 
* N q | | | 
=_þ _ = d = a : 
6 ” i = & A 
| | { i * 
= E = | 
| , Y E 
ou , 2 
= —— . = 
= 1 ET | 
of \ | 
o 2 
[ 1 U 2 
= 9 | 
0 
= Iv b | 
a bf 
0 
| 8 
5 0 
R 4 
* 


5 SAS? , TI bþ CE —— r The 
>> A Y = LW an fit 12 * RY * * K AY A 
\ _ f ON „ 4 p 


ls ; - PSY} er OBE na 2 


a 22857 7 — — Inq 4 . 
2q % %%% aro e pit ens % e an % 
Fong Wang iet ut mug fo 2yueay, aft zoguofjraaygo an 
poyrmnoteo am "ung dd use 232u71q-2y2 Jo $2LEYICt You £ 


f hy | odrorg ſopog © Pry 


22 7 30 % } 4oq 
_ 71 * #1 | apo) 


3" -® -4.$2 
' 0 9 2 5 — 
vg 


E- a 8 re : ke 
wave) | jo 2b g 
0 9% 17 2 8 


1 


1 H 197130 7 0 

fea ol uf ung 
| ©y3 wien yi] U2> 

—o_ * "for. 8 4 I ur — a]. 


57 gr rer tz 28 


= ——— 


51.956·406 6| 946066468 | 


. — . 
5 NY . I z££Þ | 7 2 989 


on - BY 4 AM 4} 
7 | 0 or Fr - [ | 
n — — 
DAM EA Lunden $0707 : 
2 K 5 Se 40 Sieg 
} enuag [Ano due gjour]g 


. = 


> ws 


| 15 96 * . Pl Mane, b 1e. n. | 


p 
53 a: m principal Phenomenon relating to the a 
PH Bo Sun are; „ of 8 


„Fit, That che Sun appears. to have an anfual 
Motion round the Earth. This is cauſed by the real 
. annual Motion 6Pths Earth round. the Sun. | 

. 260. Second, The Sun as well ag the Planets and 
; Stars, appears to -move daily round the Earth'from al 
Eaſt to Weſt every. Day. This is cauſed by 0 real ne 
bah Mogon of the Earth round i its Axis. 
elbe Times of the Rovotutipneof the len ri 
5 ther Heere diſcovered by cheik Mac or ſe 
Spots: Aud by the Paths theſd Spots appear to S. 
deſcribe over the Diſk of the Sun or Planet, the In- 

| 19 of thei? On are OE : | 
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* 1. fp 1 bis is 18 the he neareſt Plavet to the 
114 2b find in this Syſtem, that its Motions are e tot 
_ * able to what really happens in me Heaxens * 
2 3563 As it hay two ConjunRions, an EY and 
5 {upeript; I fon 7 that the Orbje of this Plane: 
mot be weithin The Orbit of. the Earth, ſang its i | 
| greateſt} Elongation (or Diſtance it 4s ſeen from rob 
dhe Suny being but 38 Degrees, whereas Venv's is fl 7 
5 - 47 ; thews-it to be in che Orbit of Venks, — 4 
R311 ;: 3; 5 264. As this Planet neVef appear) far”; en ie tha 
"hh 15 Sun lui but lein feen. F rom he ime of Wa) 
HE his inferiar 10 his ſuperior Conjunction, = ies Ax. 
: and'ſets before the Sun, and therefdre will be feen and 


:.0031 Pye, But from, his ſuperior to-his Wits 


by 
** 


2 


R 


bun and then com! ng 2257 3 in the Epping. 


$97 


Of the Planet VE bs. 
bs lens neat Eines in) a. > 


alſo an inferior Planet, LR — 
nomena as Mercury. 


266. When Venus is Weſtward of the Sus; be 2; 
riſes and. ſets before him; therefore can only be 
feen in the Morning, . 


Sun, in the Evening. 


267. Wess has Nette it ner Agen Tee 


were firſt obſerved by Galileo with his Teleſcope. 
268. She appeats in her greateſt Luſtre when ſhe 


is removed from the Sun ahout 40 Degrees, before 


and after her inferior Conjunction, though only 


One- fourth of her illuminated Fa ace is then turned 


towards the Earth. | 5 3 


"Df En. 


A 74 © 
* = IF. ++ *. 
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* W Motion e e e 
round the Earth every 24 Hours, is caufed by the 


real diurnal Motion of the Earth round its Axis. 


270, If the Axis of the Earth was not inclined tio 


that of the Ecliptic, the Days and Nights would * 


ways be equal, toll Parts of the Earth : But as the 
Axis of the Earth is inclined» to the Ecliptic 232 
and does in the annual Motion of the Earth preſerve 
its Paralleliſm, it readily accounts for the different 
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; * 
az. @ 7 g - 
2 4 
1 
jo 


ie Eanrn, 97 
inferior Conjuriftion, he will riſe md ſet after the | 
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8 "of Mans. f1 Lea vn 
Lengths of Days and. Nights, Summer and Win- 


8 ter. 


271. The Tims from the Suns b being o on the Me. 
ridian of any Place, and its next appearing-on the 


| + fame Meridian, or a Day, being called 24 Hours, 


ſolar Time; the Time elapſed between the coming 
| of a Fixed Star to the Meridian of any Place, and its 
appearing again on the ſame Meridian ;-of*which is 
the ſame thing, the Time the Earth takes to revolve 
round its Axis, is 230, 565 54 „ called Siderial _ 


the Difference is g , 36< daily” 457 
3 Hence we know the beſt e. of regulatin 
: en ee ene be e n 

RY Fatt Of Mans... ale: 4% 


Ew Mars is the firſt ſuperior Planer or which 


lies beyond the Eath' Orbit; Venus 1 Mercun 
"RF inferior or within it. 


| I has bin ce oblerved, that all th 


1 move ſometimes direct, ſometimes retro- 
grade, ſometimes are ſtationary.— At different times 


are at different Diſtances, and therefore ippear of 
My different Magnitudes. * 220514 033 £411; 


274. A ſuperior Planet hath only one Conjunss. 
. which is a N 111-47 one, whereas' an _ 


9 W's 1 \ 
1. 4 364 N W. 1 4 i +34 


Ou A . Planet hath an Oppolition but 
en Inferiorhath none 0/0; ar 
456. As woblerve eee of Murbot: 
pred to the Motions of Apel, but not of an 


9 Y Motto! B Inferior 


* 
* 


Left. vn. M Jorawun\and SarvaNG, 99 
Inferior it appears ne muſt'he 1 i 7 | 

277. When Mars is in ; Conjaiiion n Srl | 
lightened like our full Moon, and would appear ſo, % | 
if it did not become inviſible, by being in the fame - me 
Direction as the Sun. At any other Time it appears 
more than 2 enlizhtened, or gibbous, reſembling 


n 
8 
2.4. 
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our e a few 2905 betory or after the Polls K 
vp. 8 * is Is "i $2 OV, a ii : 


"of Jortrenx and SATURN, 5 

278. n and Saturn being ſuperior Planets, bo 
their Mgtion muſt be ſimilar to thoſe: ene m_ 
therefore, need not be particularly deſcribed. - _ .- 

This Lecture concludes with a” Proof that the. 1 
karh cannot. be at Reſt any where amongh.thie 
Planets, and conſequently, that ft mult be in Me. 


tion, uin the Coperniean Sytem, >... _, as 
, " N , ' 


. ASERA SEN OATS. 5 27 


+4 
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e 
Pi 


» 8 N = 9 
N * * 13 
> * 4 * 4 
1 * Moox.. Den 
„ 4 * 8 
7 129 1 1 


of the le ft Hom. Edie of he Sun and Mom, 
with the Nature of Tranſfits, particularly the Tranfit of 
| Venus on the 3d of June, 176g.—Alſo the Eclipfes 
the Satellites of Jupiter and Saturn, Ae on tlie 
"0m Planetarium, Tellurian, Sc. 


HE Moon is in Diameter about 1175 
Miles; and'is, at its mean Diſtance about 
60.4 Semidiameters of the Earth, from the Earth; 
its greateſt being'64 5, and leaf 55 . 
280. The Time the Moon requires to perform its 


annual Revolution in its Orbit (with refpe&'to the 


Stars) is 27%, 7", 45, ealled a penodical Month. © But 
as in this Time, the Earth has proceeded for- 
ward ſome Degrees in its annual Courſe, the Time 
from one ConjunQion to another, called a a _fynodical 
* Month, muſt be ſomewhat lenger, viz. 29%, 12% 44" 
So that the Moon makes about 13 Revolutions round 


the Earth in a Year, or there are 13 periodical 
* Months; whereas there are but 12 ſynodical ones. 


281. The Inclination of the Moon's Orbit to the. 


Plane of the Ecliptic, is about 5 4 Degrees. 


282. The Moon's Node has a retrograde Motion, 

making a Revolution with reſpect to the firſt Point 

Ane, en 5 Hours. 3 
5 283 3 "Thy 


* 


0 . * 


Left; VIII. 


183. The Moon is about 300 Times nearet the 
Earth than the Sun. 
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284; The "Moon's true Diameter, . 0 
Obſervations, is to that of the Earth as-3 to 14 33: 


hence the Earth mult give about 13 Times as much 
Light to the Moon, as the Moon does to the 


Earth. And n Solidities are a 77 to. > 1384, or 


as 1 te 81 f. WY 


285. It may be tec hid the 1. always 


| keopy the ſame Face towards the Earth, and there- 


fore muſt turn round its Axis, in the ſame Time as 
it * es its any cb in i its e via, in * 


486 The Phaſes of as Moon 158 that * 


ſhines by reflected Light of the e ** any, 


Light of her own, , 
287, The\Moon's Path in abſolute Space i is every | 
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289. 11 ths G — near 2 „Node, the x: 
clipſe-may. be total; if;/at-'more remote Diſtances, ; 
only partial. When the Oppoſition falls more than 
12 Degrees from a Node there will be no Eclipſe, 


, the R's Shadow then either paſſing above or be- 
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4 288. An Zip of the . amuſed. 150. In- 
terpoſition of the Earth between the Sun and Moon, 
thereby intercepting the Rays of the Sun from fall- 
ing on the OR and an ntapng e OL 
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low. the Moon. This ſhews the. rebel we have 
nat an Eclipſe every full Moon. 
290. An Eclipſe of che Moon appears of he _-_ 


5 Quantity of Digits, at all Places where it is vicble, 


And the Difference of Longitude of Places.are.cafily 
determined, by comparing, Obſervations of the Be- 
ginning or End, taken at the Places whoſe Diffe- 
rence of Longitude is required; for the Difference 
9 obſerved Time, turned into Degrees, by allowing 
53525 15 Degrees to an Hour, will be the. Difference of 
Longitude required; The Eclipſe beginning ſoonet 
0 the Weſtermoſt Place, and later at the Eaſtermoſt. 


291. An Eclipſe of the Moon WO the. Eat. 


Side, and ends on the Wenn, 91 „k 
The Moo * than the b B4xr lab 


4 1 \y 


zg2. From an Eclipe of the Moon theſe Corolla | 


ries may be made. Shay $3 1 
Cor. 1t. It is manifeſt the Moon 1 is an opake or 


dark Body, for if it was luminous in itſelf. it could 
not be deprived of its Light by the Shadow of the 


Earth, (which is nothing but the Lofs or, Privation 
| of the Light of the Solar Rays) ary more than a 
Candle can loſe its Lum ne by hang placed 

293 · pats If the eee 
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the lame Breadths/ nd would be of a Maynitude 
more than ſulficient/ 10 ecliple Mais, as it is les 
chan the Earth. This is never the Cale, therefore 
the Earth cannot be equal in Diameter to the Sun. 
294. Cor. -A. the Earth's Shadow never reaches ok 


33 


Mars, being of à conical Figute, converging, to a | 


Point; before it reaches that Planet, it is evident,” 
the dun muſt be much greater than the Eanh g and 
in the laſt Lecture we ſhewed their Diameters were 
in Proportion, a f e „r. 415 | 
295. Cor. 4 As che Earth's Shadow. wrt e 
Moon paſſas thao? it, is about three Times. e Dia 
meter of the Moon, k follows, den the Moon muſt 
be much leſs than ih Rare ol 
296. Con. 6 A che Earth's Shadaw: apgrain all | . 
ways circular om the Moon, it is ani ocular Proof | 
that the Earth is a Sphere or Slobe, en 8 
is eee eee eee N PRE | 
Of an EcLiess:of the Sox... 1 0, 
r Soo l e e a ee 
290% « An Ediph of the 84s in-eabl &-by the Inter © _ 
polition'of the Moon. hetweem the. Sum and: Earth, = 
and handy 2 on Wo mg ming wad in 
part. N 1 
2984 Of Solar Beliphe there om thees bs . 
partial, tatal, nd ,- 
A partial Eclipſe, a 9 
the Speſtator & Rye in ſuch Manner as only. tofhide 
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. in che ſame DireQion aa Ute Center of the 
Sun if the Moon's apparent Magnitude be ſufficient 
td hide all the Body of the Sun from the SpeRtor, 
ſuch [Eclipſe is properly called st: But if the 
Noon is of leſs apparent'Magnitude than the Sun, 
ſo that it only hides the middle Part of the Sun, 

leaving a Border or Ring of Light round it, the E. 


clipſe is then ſaid to be OY wet, te rare 
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299. Hence it appears,” a is rt 
called an Eclipſe of the Sun, is not ſtrictly ſpeaking 
a real Eclipſe of the Sun: For the Sun being lumi- 
nous in itſelf, cannot be deprived of its Light by 


the Interpolition of any Body. Henes it is the 

y Earth chat is in Faſt eclipſed, and not the Sun. 

300. The Moon by its being interpoſed between 

the Sun and Earth, its Penumbra will eclipſe ſome 

— Parts of the Earth, and cauſe, in bis. ap rerey A an 

_ Eclipſe of the Sun. 

301. Hence it appears that an Eclipſe of the Sun 
can only happen at new Moon, and not every new 
Moon, but only when the Moon is in Conjuriftion 
with the Sun near a Node, vis. within 18 Degrees 

302. An Eelipſe of the Sun differs from an E- 

| clipſe of the Moon in the following Particulars. 


it. We have already obſerved; that/ dn Eclipſe 


b Sun is only an Appearance; re t one 'of 
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* Moon is really an o 
*" 2d. An | An Eclipſe of the Sun kt on the Wa 


| Vids of the Link, and ed ca the Eaſt: But an 
N Eclipſe 
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Eclipſe of the Mar buen ne e and | 
ends on the Weſt. \ 5 | 
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ticular Placeof the-Eanththat Solar; netwithikandg-.. 
ing, the Solar Limit is greater thaw the Lunar: Be- —_— 
cauſe, 20 Eclipſe of the Mom appears the farns - 
from all Places af the Earth, 2s- before obſerved; 
whereas, there may be at one Time a total Exlipſe 
of the Sun at one Place, piirtial- af: RO Mn 5 
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209 If 3 . 
the Ecliptie, at every inferior Conjuadtion it would 
| tranſit the Jun, and appear like a black Spt. thereen, $07 
But as the Orbit iz inclinee about 7, Degrees, and. 


— 


— — 
he ** —— 


2 F 

—— —U—— 4 
EGS — 
— 


eee 


——— — — 


_—_— 
= 
be 31 =" if 
4 R _— 


— eneve 
Dr 
— 


1 
9 
- 


r 


interſefts.the Eoliptis in 14%, 45" of Tayrus,and-14%, _ ey 
43 of pen 26s: called the akcending. and defend. a 


Conjunction happens in, or near; thefe Parts of the 

Ecliptic, and fo cam dal S ner the 6th 

of Novembet, or i o Mr 
The laſt, ieh 1 b 

on the 6th of May, 1-733, at Bideford:; it begun he- 

fore; Sun-riſe, nnn att A e 

In, nn gat; ee 54 of 
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dez Aude akconting bie- of Vous is in 14 De. 
grees of Gemini, and its oppoſite or deſcending 
Node in 14 Degrees of Sagittarius, Venus can neyer 
tranſit the Sun, but when dhe inferior Conjunktion 
Bappetu 0 or , dhe zih of June, ee 
. n ie x, 

306. Tue firſt Tranſit. of Venus which „ 


* 


Ear was calculated and ſeen by Mr. Feremiah © 


Horror, a young Gentleman near Liverpool, in the 
Year 16393 the next, I had the Pleaſure of ſeeing 
at Bideford the 6th of june in the Morning, 1761 
and as the Weather proved favourable of making a 
good Obſervation, the Emerſion began at 8, 4% 8%, 
Which reduced to the Meridian of the Royal Obſer- 
vatory is 89, 16% & ; and at Greenwich it was ob- 
rved. at g., 193-0"; pg dee oy” this 
| on june gd. n * 5 
DO 59-44 Eanth's Center (London Time) 
Begins at 7, 157 in the ene yl 


Middle 10, ee" at Night. 1 . e, 


End 141, 357 Abe 
7 1307: By Oblaroaions which uin be minds ofthis 


if the, Weather, proves-favourable, it is 


E we ſhall be able to computs the Diſtances of 
the Planets from the Sun, more ware than 
they. uns known at proſent . 
A particular Account of this is given in the Lec- 
fen an take up ene to \ be ak 
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of the SATELLITES of Wartens 
Job The 4 Med -or Satellites of Japlier; 'were 


gg. Their Diſtances from Jupiter and e 
Newelenene are 1225 in the Table annexed... 
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310. Jupiter = "les muſt,” like e appear : 


ſometimes-gibbous, full, cc. 


311. As the Moon erte bu ve eg ef 
the Earth, ſo are the men. en Sha- | 


dow ofithat Plane. 


312. It is evident, . Moons dave, dit 8 


ferent Periods, they muſt in different Nights appear 
to us very differently poſited; ſometimes moſt on 
one Side, ſometimes on another, Kc. And ſome- 


timeg thoſe which are really neareſt to Jupiter's we 


dy, will to us Oo e remotes, an: 
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813. The Hl whiiobſerved a Gstlläte of Saturn 
was Monſ. Huygens, who in the Year 465; Tiſcovered 
dne vis.) the:foutth, | nn ey 


were diſcovered hy Cui Kind 


314. Their Diſtances from Saturn. and Perigica 
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excellent Syſtem —Fquation of Time Preceſfion of the 
Equinoxes—Phanomena of. "I OO oo 40 _> 
Conetaraum, Ae. n 8 3 


516. TURN EPR i. inclined to the nab. 
about 30 Degrees, and is reckoned. in 
Breadth about 21 thouſand Miles. | 


317. The Ring goes through” all its rere. in 
about 14 rin 


318. Dr. Clark's Father, ii ae Faye in his 1 


Memoits of Dr. Clark's Life, ſaw a Star * 
Ring and Body of the Planet. 

319. It has long been diſcovered, that the San 
was not exaly in the Center of the ſeveral Orbits, 
though nearly ſo; and the ſagacious' Kepler fountl | 
that the Orbits were really Ellipfes, though very 
little different from * and the Sun | mn e 


common Focus. 


320. After Kp, came the N krdellent Sir ; 
Taac Newton, He has ſhewn that all Bodies have a 


Tendency towards” each other; which he calls Gra- 
| ity, or univerſal Attraction He indeed does not take 


| upon "him to determine what it is, Whether it is 


cauſed by any particular Natural Agent, or by the 
immediate Hand of the Deity ; but evidently ſhews - 
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"the ene af den a Thing; from whence he 


demonſtrates, | KY. lates LEI tn 
321. 1ſt, That: a Body being projetted } in the * 


_ reQtion of a right Line, and acted on continually by 
à Force tending to à Center, the Body or Planet ſo 
4 an muſt deſcribe equal Areas in equal Times, 


323. 2d. That every Body, that moves in a curve 
5 8 deſcribed in a Plane, and by a Radius drawn 


10 a Point, deſctibes about that Point. Areas propor. 
tional to the Nh.) is — by: a Fines directed to 


| that Point. 

93 gale It is ee chat if a Body r re- 
volves in an Ellipfis, the Law of, Centripetal Force 
tending to-one of che Focus, muſt be reciprocally 


as the Square of the. Diſtanca.from the. pact? or 


Center of Attraction. 
321 4thly- And wat a Circle, 5 erz 


2 being in the Center, and an Ellipſis, the at- 
tracting Body being in one of the Focus a, are the 
only Curves that return into themſelves, i in Which 
me Centripetal Force is in the e Ratio as the 
Square of the Diſtance. . 0 

325. For if the attrating N was 1 in be 
Contr of the Ellipſis, the Lay of Centripetal Force 

would be in the inverſe Ratio of the Diſtance, and 

not of the Square. of the Diſtance, _. 
326. &thly. That if ſeveral Bodies revolve about 


one common Center, with Centripetal Forces in the 


_ inverſe Ratio, of the Squares of the. Diſtances; that 
then, the Squares of the periodic T Times are as the 
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A. hol Pb are friaty true, vs ma- 
thematically H Fr the 11 great Nor in 
his Principia. 22h | | 15 

327. ee in the Heavens weoblerve eſs Phe 5 
nomie: e , 

Phœn. 1ſt. That the ctabjoviet Me (or 84. Ne 
tellites) by Radii drawn to Jupiter's Center, de- 5 
ſcribe Areas proportional to the Times of Deſcrip- | 
tion; and that the Squares of the periodic Times 
are as the Cubes of their Diſtances. 4 ; 

328. Corollary, Hence it appears {by Prop. "4 
Ml they are urged by a Force directed to Jupiter; | 
this Force, whatever it be, is what Sir 7/aac Newton 
calls Attraction, or on our Earth, Gravity) and by | 
4th Propoſition 'muſt move in circular or elliprical | 
Orbits, having Japiter 1 in the Center of the Circle, ) | 
or Focus WY the eee a is alle true in | G: 
Saturn. . 

329. Phe; 2. That the Sis of the Senchiea | 

imes of the Earth, and other Planets about the Sun, 

are alſo as the” Cubes hed their W 6 from Wis ws, 
dun. 9 3 3 t 7 * 

330.4 Pheen: 47 . Tb the ben blade b Nad 5 

drawn to the Earth; defcribe Areas no d ways propor- | 


'onal to the Times : But that the Areas which the,, 
leſcribe by Radii drawn to the 8050 are 8 1 


nal to the Times of Deſeription. | 
331. Phon 4. That the Moon by Nadi dn een de eg 
nc Earth, as a Center, deſeribes Areas proportional = 
d the Ti ime, Hence it i 16 proved,” har: there is 
N 3 „ ; 


1 


21% Moon gone. 11 e wy ix, 
fuch A 8 as Gravity or univerſal Attraction, by 


which the Planets are retained i in, their Orbits: For | 
| from has what been juſt ſaid, it appears, that the Pla. 
nets have ſuch a Tendency towards the Sun; 3. the I 
Moon to the Earth; the Satellites of Jupiter, to Ju 2 


28 piter; and thoſe of Saturn to Saturn. 7 10A 
332. Wich Regard to the Moon, it may be fail, 

that we have an experimental Proof of ſuch a Ten- 
dency to the Earth, which we call Gravitation, 
For the mean Radius of the Moon's Orbit being 
very neatly 60 Semidiametersof the Earth, if AC, 
Plate IIII. Fig. a. repreſents a Part of her Orbit, de 
ſcribed in one Minute, we can eaſily find B C equi 
0 A D, how much the Moon muſt have fallen fron 
the Line of Projection A B, to be in the Curve at ( 
and will be found very nearly equal to 1g fn Pari 


K - Be. - | 


n 
Feet; the Space that the Moon would fall in the fu c 
- Minute; if ſhe was let drop towards the Earth, "A 
Now, as the Power of Gravity decreaſes as t « 
Square of the -Diſtance increaſes, at the Diſtance i tc 
the Moon'or 60 Semidiameters from the Earth, i | 
can only be #, multiplied by &, or 680 of tial 1c 
| Power at the Earth's Surface: But at the Surface e- 
the Earth it is known by Experiment, that falling ju 
Bodies deſeribe 1g & Paris Feet in the firſt Second 1 
or 54300 Feet per Minute; therefore, at the Diſtanq w. 
of the Moon, can only fall ',#, of 54300, or 15 
Feet; Whichis the ſame as is ſhewn above that th 
8 Moon really falls, to revolve in its Orbit. And find 
d now appears, chat a heavy Body at the Diſtr . 


N 17 
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of the Moon, * deſcend towards the 1 weigh | 
the. ſame Velocity as the Moon actually does, have we 
not the ſtrongeſt Proof the Nature of the Thing can 
admit of, that the Moon is a heavy Race afted.on” is 
| by ſucha Power as we call Gravity? „ 

333: Hence Sir Lſaae Newton's Arden ee 
Propriety be called an Hypotheſis, ſince ſuch a 
Power, às he calls Gravity or Attraction, really exiſts 
in the Heavens, and Meere vs oy: bann as hies 
Gravity. N A Ee, 

334. From this only, 1 once and he whe. ; 
ſcems to have had a Capacity and Induſtry. equal to 
it) accounts for all the litile Irregularities in the M 0 


tion of the Moon, which had before baffled the uni- 81 
ted Labours of the learned World: But now, by 
more minutely taking i into Conſideration the mutual 
Gravitation of the Planets. towards each other, We. 

are enabled to compute Tables of her. Motions to 
ſuch an „ before too much 5 or Hops - 

to wiſh,” 3 5 3 45 * 

335. And afterall bios is 4 it not; 83 to 1 that "3 
ſome Perſons, who are. not capable of reading the 
excellent Princiſia, and conſequently. not able to 

judge of the Force of his Reaſoning, take upon 1 

them to decry the Writings of this great Man, of FE 


which we mee had feveral e 1 
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«rape EqvaTrON of Toe... : 


| .2ak. in order to. account for. this, let. us firſt * 5 I, 
E. that ſince the Earth revolves in an a Elliphs, | : 
| K 3 


* 


LY 


| ae : Parermeron oe aun kes. Ix: 


the Sun being | in the Fe ocus, it is at different . at 
- different Diſtances from the Sun; and, as by What 
has been juſt ſhewn, defcribes equal Areas in equal 
Times; it muſt move with different Velocities in! 


different Parts of its Orbit; ſometimes faſter, ſome. 
times ſlower; this is very ſenſible, for the Sun i; 


about eight Days longer defcribing the Northern 


Part of the Ecliptic than the Southern; and there. 


fore, on this Account, the Clocks which are con- 


©  truftedto keep equal Time, cannot agree wich the 


Time by the Sun, This Inequality is one Part of 


the Equation of Time. ——But there is another Part 
owing to the Sun s moving fa the Ecliptic, and not 


in the Equinoctial. 
Henee it appears chat the Sun muſt be tome. 


nimes faſter, ſometimes flower than the Clocks, or 


equable Time, on two Accounts: which being com- 


- "bined together, form the Equation of rn 8 in 


our common Almanacks: © 
The . Equation i is A Kttle-1 wore thay 16 1 


Of the Prncreczon "of the Eapinox. 
397 eee may obſerve, that on the Celeſti:! 


 _ Globe, the, Conſtellations are now laid down, al- 
moſt a whole Sign forward from the Points of the E- 
2 cliptic hearing their Names, and that they apparently 


move forward about 50 of Longitude each Year, 
which is. cauſed by the Earth's Axis not keeping ex- 
_ ally 4 Paralleliſm, for tho“ we ſuppoſe it to be ſo, 
vi Nn for the . as Les annual 1 Diffe· 

* 


of 


53 | 19.7 Ix. Pu nexe;qn 7 FR bers. h fois 


rence we gro now ſpeaking of, an too i cc | 
to affect that Phenomonz yet by con ee 


the Obſervations of many diſtant, Years; we find, 


that the Axis of the Earth has not exactly kept 8 
it ſo, that the 'Axis of PLE 
the Earth which at any . points at any Place in 
the Heavens, will in 23 Years/point at anpther - | 
Place one Degree tothe Weſt, or back ward, and ſo 
would lest its conical {Revolution in 39% % 
N ibn ehh in G 


Parallelifm, but deviated 


338. Honeethe.Solftitiat At Pe | 


one Negree in 72 Years, and conſequentlythe Equi- 
noctial Points, or Iuterſection of the Ecliptic- aud 


Equator, which are always got diſtant from the 8 l- 


ſtices, will alſo move as much backwatd;: con- 
quently, if we, e the beet Points: * 


Globes, the Conſtellations muſt be placed deen 
ene ne, G. Etc? 
339 - As to the Phybcat-Oauſe; one bee 


Hows o much, an gueſs at it; bot he hat es- 
gantly ſhewvn it to ariſe from the Attraction of the = 
Sun and Moon, on the oblate ſpheroidical Figure of 

the, Earth : And that the annual Preceſhiort of the E· 


guinones anbogirom. the Force of the Sung is 9 i957 
20%; from the Mon 4% ge zi; the gm uf 


both 50 A; the Quantity of which Motion 


agrees accurately with-Obſervations, it being 1 
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340. By e Qbſerritiohesr modern Aftrononieis, 
as move in Elliptic Orbits, and to 
de beerned by che lame UñU avs as the' Motions of the 

Planets: Only in Orbits more! encentric. Hence 
Av follows, that ini ſuch Cuſc, the Comets muſt have 
A - degiltav(Petiotheal Returns Hike the Planets: But the 
Misfortanies; chat möſt ö6f the ancient Aſtrotimers, 
und: Aſtrologers, imagined Comets to: be only Me- 
deore arid fata) Preſages' of ſome great Evil +0 fol. 
As and fbr that Reafon never took | any 'exaft 
AftrononiteaFObſctvations of their Motions; think- 
Ang it fuficient to fay; that at ſuch" a Time, à Co- 
met of ſuch a Magnitude appeared in ſuch a Con- 
- NieYation of the Heavens, and after it ſuch diteful 
Puents happened. For which Resſon, as the perio- 
-dicibReturns of Comets confiſt of a large Number 
zdf Years, the Periods of very few have been deter- 
mined . The firſt Comet which hath been obſerved, 
"with a neceſfary Degree of Accuracy: was that of 
N Lear 16775 by Tycho Sali Hb AG 
10/4424; The learned Dr, Halley- 115 his Synopſis of 

he Aſtrönomy of Comets, ſayis, „ There are many 

Things which make me believe that the Comet 


Which cdl obſerved in the _ ee is the ſame 
with 


et. = FE westen, | 


4 74 ; © I 23 | 


I" Ks 


"a ſo great waer as MITE it may not de owing to 
Phyfical Caiiſes.” Tor the Motion of Saturn i is ſo dif--. 
tarbed by the reſt of the Planets, eſpecially by Jupi- 
ter, that the Periodie Time of that Planet 3 15, uncer- : 
_ tain for Tome whole Days together, —How much 
mbre therefore Will a Comet be ſubject to ſuch like 
Errors, which raiſes almoll four Times higher than 
Saturn, and Whoſe Velocity, tho? increaſed but a 
very little, would be 2 uh to chapge its Orbit 
to à parabolical one.” Hea alſo ,remarks its being 
ſeen in the Year 4456; and the lame Comet (as he. | 
thinks) Was ſeen in the Year 1 1395, which is another 
double Period of 151 Years. . Hence he ventured to 
| foretell that it would return again in 1768; l 
5 did actually return in the Beginning | of the Year 
. 1759, at which Time it was s viſible i in many Parts of 
America; and obſeryed to be, as Mr. Turner , 
aſcending back from the Center of the. Syſtem, _ 
Another Comet was obſerved 3 in 1661, , and isfup-" 
poſed will return again in about 5 75 Y a, * e 
the Year 225 5. 
These are all 26 bebe, are as. pes ks 
3435. The Nukes of. Comets, which, have been 
"obſerved are about 49. wil e 
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343. hs Nature at's A Comet' 5 Path/ was not ö 
. before Sir Haut Newton de e, to. 


the Subjekt. 1 


ie Celeſtial Spaces are void of Roſiſtance. For 


though the Comets are. carried i in oblique Paths, and 
ſometimes contrary to the \& ourſe of the Planets, yet 


they move every Way with the greateſt Freedom, and 


pieſerve their Motions an exceeding long Time, 


even where contrary to the rle of the Planets, - — 


Henbe the Cartdfuun Dodtrine of Voriges to ) Garry the | 


Planets tound the Si is abſurd,” 


bs a me 


NR. 3 45: The Opinion Fo ſome Writers that Coma 


o ate only Meteors, who have been led into this Opi- 
nion by the Changes that happened to their Heads, 

5 without” Foundation, For the Heads of Comets 
| ae 'ericompaſſed with huge Atmolpheres, and the 
lowermoſt Parts of theſe Atmoſpheres mult be denf- 2 


"eſt: Aud therefbre it is in the Clouds only, anch not 


iin te Bodies of the Comets themſelves that theſe | 
11 Changes are ſeen. Thus allo the Belts of Jupiter, as ; 


Sir Tac. To obſerves, are "formed ir in the Clouds 7 
of that Planet. 
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346. Sir 1 fade Ne Newton co computes, that the aps 


1680, Chen in its Perihelion, muſt be heated by. 
"the Sun 2000 Times hotter than red- hot Iron. Hence : 
it follows, that the Bodies, of Comets muſt, be very 
folle d, , Compal . "xt ans durable, like the Bodies of _ 
"the Planets, "otherwiſe their Panicles, 1 Mauer . 
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3447 From the Motion of. ns. it is evident 
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ren iK. re chen 1105 0 


The greateſt and woſt, fulgent Tails always ariſe | 


from Comets immediately after their paſling by the 
Neighbourhood, of the Sun. Therefore, che Heat 
received by the Comet conduces to the Greatneſs of 


the Tail. Hence we may infer, that the Tail is no- 5 


thing but er, fine Vapour, Which the He d, or 
Nucleus of the Comet; emits by its Heat.” 

We cannot end this'® Art Part of our Lectures 
better, than obſerving, That mis n moſt beautiful 
Syſtem, could only proceed, from the Council and 
Dominion of an intelligent, powerful, wiſh, * 
good Being, whom we call GOD, 
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4 . Sv TATE 3 — z 
The 1 png Firmament, on high, 1 175 5 
Wich all the blue etherial Sky, 5 Hh | 


And- ſpangled Heavens, a | ++ Fes, 7: 
Their great Original proclaim : 5 
Th' unwearied Sun; from Day to . 
Does his Creator's Pow'r diſplay, .. 

| And publiſhes to every Land 
1 W * of a an e Hand. 


lt 
1 as 150 reit Shades val, | 
Tho TO takes vp the { wondrous Nee 
12 | * 1 | EE, 


* When "Fob LY in "the Academy, our 18 ate 
parted into two Diviſions, we generally flop here. —-. Bat when it 
is intended to read one continued Courſe, after Mechanics we pro- 
ceed to the Lectures on |Hydreſtatics, Pneumatics, EleAricity, and _ 
0pticy, in order to conclude with the ſublime Science of Aflranomy, = . 
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2003 e the Stary of her n 
Wick all the Stars that round her burg, N 


ö Ad all the Planets ir in their Turn, 1 
8 Donfem the Tidings as they zall, 70 
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FE And om the {nth from Pole 10 role. Y 
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What e in Dian ERA aq: © 
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n Move round the dark terreſtrial my 


- Whartho" nor real Voice nor Sound, 7; 75 


: 15 | Amid their tadiant Orbs be found * 


In Reaſon's Ear they all ieee 
And utter forth 2 glorious Voice, 2 5 


Por ever ſinging, as they mine, OY 
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LECTURE 0, 
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of the ATTRACTION of MacntreN. 92 
ws nod Propertiesof the Magnet or Load. i ; 
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1K, A Magnet which can move. freely in . I | 


rizontal Poſitiony will always turn one of its Ends 
towards the North, the other towards the rye 
Hence theſe Ends are called its Poles. E. 
2d. This Virtue is communicated to, or richer" 
excited ih liom by the Touch. "Exp. r 
3d. Either Pole of + Magnet will attract tow 2 
4th. When Needles are touched: for: 8 
that Point which was touched with the South Pole. 
of the Magnet will point Northward ; 3 and the 
other End Southward. EA. a 
sth. The Poles of a Magnet of Ae Denomii- | 


- 


nations attract, but thoſe of the ſame Name repel : 


each other. Exp. "2 1 : 

th. That there is ſuch a Power a 5s Aitraftion and | 
Repulſion in Magnets. Exp. 

7th, The Compaſs Needle 45; not- point a, 
every Place, or in the fame Place at diff. 
W „ 


LY # 
, as 7 
* , ; 9 N 
%. 
by, * 
46 . x 
* f * * > * , 7 
* dd 1 
* - - [ 
p A 
> 
7 - 10 F 4 
s I JF 
— 
d — 6 * , 
* - 
x . =o 
1. 8 N Fa 
2 — . — 2 — N ee N — hw path 2 92 — the — 


— 


* 


2 f w 
4 
- : * 
6 


x - * 
——ů ———-„ —— — — — — 
. — — My 5 2 


—— 
Hr 7 
— hay 
en 


— 
— 


5 
1 5 
4 


* * 
2 8 
— 


71a ws 


Wome 


* 


* 


eee 


— 


n e Sp 


4 


= Lay 
—_ DOE T_T 
N 


Wk 


«4 


LT 


af "I N meg = | 


PP 
TE Y " 


* 
1 | 
= 
_ 
= : 
p if 
8 | 
_— 
j np M 
—_— 
| 4 
3 y 
„ 
8 
I 
{| 
A 
0 i / 
= : 
Y | 
_— 


| % 


4 


* = 
l 5 
= 
* 
- 
. | gt 1 2 2 2 
ws | * * 
x 
by 1 
1 


05 


ſtanding long in one Poſition, , 


| "an EA. 


| SurtvomzNN bees 1 mh 4 5 


. , 


. 3 Places in Nach Point Hands, Gaia 


rw "the ae * the North, in ſore to the | 


Weſtward. » 1 8 WE . | 
This Deviation 3 is called the 3 Rad is 10 
to have been firſt aite fed by Gonzales w 74 

At N in the Year 1 it ; penrſorpud tobe 

11 1% Eaſt; but is now about 21 Degrees Weſt. 

8th. Needles which would hang in an horizontal 
Poſition, before touching, will when touched flip 
| below the horizontal Line. 27 ien n 

- gth. The Magnetic — wey be:deftroyel « 
. * pi iy Poul 9474 3 KN H 75 
_ Joth., This e d eee * 
N a ſtrong Attrition all ne Wax, it 4 

" 11th, Iron Bars acquire/ a Magnetic — 
Aid zich, 1 
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20 0 the Equildgizm, end Preflore of tu &n e. 


'YDROSTATICS + the * 19 5 9 ha 
conſiders the Equilibrium and Preſſure of 
nahm dog general. ee n eee 
31d A Fliid is h that yields to any Supre 
Force, and whoſe Parts by yielding, are eaſil Ir 
Q 2 hin 14%; | , * ſepa- 
re Hof Ge another, OD 
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340 minute Particles of Flaids, as ot 
to qiſfer from thoſe: "of folid; Bodies. bye 185 8 
19 "6 For Fluids an nid Solids are frequently . into 
.* each other; «x Water ipto Ice by Cold; and 
again to Water by Heat; Metals of all Kinds, be- 
ing melted, eee, Nuid ; nd cling, * us 
again, Kc. . wy | 
350, Fluids as well as « Solids it is well 1 
confiſt of heavy Particles, Whole. Gravity is always 
in Proportion to t et Natter tbey con i 
tain, | Which, as far as Experience reaches, appears | 
N t be the univerſal Property of M » | 
be its Figure. I 

361. A Liquid is a Fluid, which” ncquites 1 br. 

face parallel to the Horizon; or rather to the Su face 

of the Earth, and has the peculiar Quality of wetting 
- moſt Bodies immerged in it, ariſing from the Adhe- | 
ſton of its Particles to the Surface.of Ihe Boch in a 
merged, as Water,” Spirits, G t 
352, Theſe are Properties not common to all 1 
7 Fluida,” as may be ſeen in a Flame or Smoke, Kc. fi 
which being n e AE Ar, „r a. 
cend. th 
353. It is probable that the Parts of Fluids are of te 
a ſpherical Figure, a8 Bodies of that. Fo- more WW be 
eaſily moved over each other, and as "Lan only 80 
touch one another in à Point, they cannot t adhere th 
together ſo ſtrongly by the, Attraction of Son, th 
7 as if they were of a different Figure. 2 | 
This indeed in ſome Degree admits of ocular 


Pro, For the n kes of all Fluids way by 
„e 


5 ON 5 miese, 5 Les. *. 


* 4 @ aw AC. 


„ eee „ 
l cre ic ne fads this © _ 
Figure. And even 1 95 Microſcopes | in 5 0b 72 : .— 
of Water of ( Qtiickfilyer let fall from a Finger. 3 
Alt always puts on this Form. — Smoke of Coals. 3 
received on 4 plain Superficies, and viewed by ; KO 
Microſeo „Dr. Mufchenbrok Lys, exhibit nothing * 

but mere Globules; and Dr.  Derham has obſerved | 
this Vapouts in 4 dark Room to be ſpherical. . And 2 
If this appears'i in” Fluids of groſſer Parts, may Wwe 
not conclude by Analogy, that nt ar are eb likewiſe * k 
in Fluids of more ſubtle Parts? 

354. That the Particles of Fluids are very fubtle 
of mitiute, is manifeſt from their eaſily penetrati N 
thro' the Pores of Icher Bodies; thus, Air i is foun, 1 
to paſs through all Kinds of Wood ; Water into al * 
Kinds of Vegetables; the Light thro Glaſs, Kc. „ 

355. Some Fluids are very comprefſible as Air; 180 
and others admit of very little Compreſſion, ; as Wa. 
ter; Which miy alinoft be looked upon as incompre- 
ble. For hole Globes of Metal have been 
filled with Water, and then have been hammer d 
and ſqueez'd in ſtrong Preſſes to alter the Sbape ok 
the. Veſſel; and as into what ever Fi igure it was al- : 
tered it muſt have a leſs Capacity, the. Water wut 
be proportionally comphelled ; | but when ever the . 
Shape of the Globe was altered, the Water used 
thro' the Pores of the Metal. —Hence it appears, . 
that Water may in Praftice be looked upon as in- 
compreſſible, - And that the Particles f Water 
. than the Pores of Metal, even of Gold; for 
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Dow thro' a Sphere af Gold >> oO ebay 
* 356. Though by Hydroſtatics,. e eee 
ed, we commonly underſtand the Doctrine of the 


Equilibrium, and Preſſure of Fluids in general; yet 


the Word ſeems according to its Etymology vdug 


N Water, and ali Weight, to be conſined to Water; 
' a particular Fluid, and the moſt fimple of all; and 
Which we hall chiefly make uſe, of in our Expetz- 


ments, and the Deductions muſt be as concluſive, as 
if various Liquors were made Uſe of: For whatever 


can be proved by. Experiment and true Reaſoning, to 


belong to any one Body which is both fluid and 
heavy, upon Account of its Weight, and Fluidity, 
maſt certainly belong al _— which ap ae 


and heavy. 5 7 


| 357. We ſhall now Mo to has 5 
ally the Truth of the. moſt, valuable Hydroſtatic Pro- 


poſitions. But firſt maſt, obſerve, chat in order the 
1 more readily to demonſtrate and explain the princi- 
. pal Phenomena in Hydroſtatics, we ſuppoſe a Fluid 
contained in a Veſſel to be cut into ſeveral Nando 
|; tal Planes of imaginary Surfaces, OI ; 
| 358. We are likewiſe to conceive che — 


Fluid contained in a Veſſel, to be divided into per- 


pendicular Columns from the Top to the Bottom of 
os the Fluid, either round, "priſmatic, or of any other 
Figure, according to the Shape of the Surface of the 
Bodies preſſed on, under Water; viz. > eylindric 


1 if dee a round Rach 2 3 if 
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prin eue . dx Sari os * 
bro 4 „ 8 N n FAD b 
350% Hence it appeste, that each Bod Wa 


8 a Weight equal to the Wass ktbe Column of 
Water over it; and che different Surfaces are preſſed _ 
by Weights proportional. to the Area of the Surface 

into the-perpendicular Height of the Column: For 
N Products being the Contents of the Columns, 

or expre ſſintz the proportional Quantities of Water, 
. their? Weight or Preſſure muſt be in the e Pro-. 
portion. ini nn W . RA 

360. Prop. That Fluids 1 Projie ben as 
the Philoſophers enges themſelves; that - 15 are 
heavy at all Time atid in an Situation. 

Solution. Since the Whole Weight of Aid Fluid. 
as well as ſolid, muſt be made up of the Weights of 
the ſeveral Paris, it 18 maniſeſt, IL think; chat the 
Parts do 1p eee ade the Whole, or in Pro- 
ie + 474 2040 . 1h oth” * 8•4 . 

" This ems Jo, clear. that I ould nothiave taken 
any Notice of it, had not ſome Philoſophers: . 
Experiments in ſupport of the Contrary. N 

In the Leflures, theſe. "Objections * eee, nd the 
Propoſition proved by Experiment. > 

367. er Way, and ia all Die- 
ons. Eb. Lord: rin 1812 * ö 
362, That . Preſſure- Hamas is. Sata bo che 

Preſſure downwards; + Exps, 511 ug OY 

36 . That the upper Preſſure n en 
arc ten of Metals, vis. Gold bens * 
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4 3 That light Wood wil en c 8 


; peil Preflure be taken ff. EH... 
s. Therche latefal preſure of bude ivequal'to 
wie dicular Preſſure downwards. Exp, 
_ - * That the Preſſure of Fluids is e 
85 Ei 10 the Height of the Fluid only, without any Re- 
dd to che Quantity thereof. — This is commanly 
| =: 7: called he Hydroftatis;Paradoxr Ern. 4426 TEN 
| 37, Corollary. Hence it follows that Veſſels of 
=—_ equal Baſes and Heights, whatever Difference there 
| Þ# is in their Figures ee dee Fel e 
| * * on their Baſes; rA e nt 


368. eee e eee m 
Ponds, Wells, or Veſſels, of any Kind whatfoeyer, 
communicate: with ann at 
We MO: „ „ e 
369. Hence, we bee ee e en 
conducting Water from one Place to another. 
370. In Levelling, ſet all the Heights obſerved 
bdbdackwardi in one Colümmn, and thoſe obſerved for- 
Wards in another; then ſubſtra@ the leaſt Sum of 
all the Heights from the greater, the Remainder will 
be the Difference b os hp CY We of 
me two Places © +7 e 
3571. Ifthe Sum of all 3 "Heights x. 
- ceed the Sum of all thoſe backward, the firſt Plate 
is the Higheſt. e eee | 


LY 


Aan muſt be made fo the Curvature of the Earth. 
$4.5 2 ped 6's 1 27 1 +; 4» 84 = 12 18 24 42 | 4 I! 'Scholium. g 


N. B. If the Diſtance is confiderable;' a mall Cor | 


Left - Wo 

p Seeg. 
ter may by Pipes, bo conveyed from one Hill down 
aVale and up another, &c. to any Diſtance; yet the 
ancient Nomans wert certainly. . Ignorant, of this; 
otherwiſe they would not have been at the immenſe. 
Expence of building AqueduQs from one hill toano- 
ther, over Arches or Kinds of Bridges built one over 
another; as may be ſeen in ſeveral Places; And We 
never find any of their Pipes for conveying of Wa · 


4 


0p riſe again aſter once deſcendin g L, / 1 


973. The Preſſure of Water againſt any Surface f 1s 
_ to the Content of a Body of Water whoſe Baſe 
is the Surface preſſed, and Heighth-the-Diſtance of 
the Center of Gravity | a oct 
Wipes ee oaks ty) HRS * 040 
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to be a8 1to'2, . 


375. If a Body be 0 in Liquid it 9 


— 
a * 2 
— 
2 
* 
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n -_ - * 
n 


its ſpecific Gravity i is 1 850 eh, or ROY than 
"that of the Fluid. Exp. | 


2 0 376. That a Body fwimuiing i Water, as for la. 
1 "Ranice a Ship, will be immerſed to ſuch a Depth, 
-a+ that the nen of a n of Water, _—_ in 


| 2 1 3 of Shits ee eee eee 


= bf Weile daR of Saen, Tantal Cup, — 
4 9 N — . Funnel or Fountain 
=_ of Command, — Jit & Eau, or common. Renee vil. 
he We e per ee ae e, « 
5 | 4 1 ‚ . 4 . 8 2 * 
= 994. Seren Gravity 3s a comparative Term 
=_ and. denotes the Proportion, Gravities or 
_ Weights betavecn different Bodies of the fame Mag. 
a nitude.—— Thus, if two Bodies of equal Magnitudes 


remain in Equilibrium, ſwim or fink, according as 


£2» * 6 Bulk 
e j * F 0 
* \ 7 . 1 W R 

" o 


renn 


Let. * er dene N xp 


Bulk't6;ths-Partiof the Ship imwer$b/fhailbecqual. 
o the Weight of 2 48 Ship and Materials.” E. r 
377- A. Ship will fwim CA n un, as in 15 0 * | - 
the open River. Exp. | 711 N ; 1 i | "IR 
378. Corollary. Hente it i poſlible fora Ton's or” yo Hg 1 
two of Water to lift 4 Ship of 1000 Tess 19t . FM. 
379. Onithe Priviciple of Art. 376, it Who aim. 
cult to nd the Tonnage. of Ships on a- true Prints 
ple; whereas that commonly praftiſed is abſurd; 
making two Ships, provided they have the „ 
Length of Keel and vr of Beam, to have he 


ſame Tonmage, though one | 422 dip baſe yery hen. E 
the other very full. n OTORDE 2M cf 


380. Since a Body aa budernd ” Water dk. ; 
places as much Water as is equal in Bulk to the So- 4 | 
lid immerſed, it is. eaſy by this Means to meaſure A | | 
find the ſolid Contetit of any Body, toy e 
gular its Bigure may be. Iluſtrated by E 

381% K Body weighed in a Fluid lighter than NT. 
ſelf, loſes a Part of irs Weight, equal to ne was 
of fo. much of the Fluid as A 11 5 its rer 
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382. hay the N it llows, 5 
and tHe tg Slid be f. ratherſed in Grit Vids, 
the Weight which i it loſes in them will expreſs their” e 
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| | 132, "IF: . $yracuno php 148. XI. | 
end her. e inn of Braſs loſs 


, Þ 
W's © 253 3 Grains of its n ud Proof 
|», © Spirits 235 Grains. 

=_ Hence a Cubic Inch of Water 8 3 1 


Grains. A Cubic Inch of Proof Spirit 235 Grains. 
And therefore their ſpecific Gravities are as 253 
| to 235. Or which is beiter expreſſed, as 1006 
| to 928. ON Lan 
_ 383. To find the "REF i Solids hea, 
- i | we: vier than the Fluid in which they are weighed. 
: | Thy This is done by weighing them ſeverally in a Fluid 
= lighter than themſelves, the Weight which each So- 
ud loſes being to its Weight in Air as the ſpecific 
Eravity of the Fluid, Wines, 1999}, to- dhe ſpegi- 
1 fic Gravity of the Solid. | 
| ; NM. B. If a Guinea, Pe 129 * lte 7 5 
Ns Grains, we have, as 7. 25 is to 129 ſo is 1000 to 
1᷑2793, Which is the true Standard. Or 129 divided 
by 7. 25 gives how much a ee! is ; heavier than 


| | Water, VIZ. 17 703, 119+ „„ Oo 
Ii 884. To find the ſpecific Gravitie of $olids lighter | 
[4 | than the Fluid. 


=_ _ Amongſt other Methods is. the following; enge a 
=_ Body ſwimming muſt dilplace\as much WateFas is 
| | equal in Weight; to the ſwimming ſolid; if a Glaſs 
: Veſſel be filled full of Water, and then the Solid be 
| put to ſwim on the Surface, of the Water, it will 
force as much Water over the Brim into the other 
1 | Vellel, as will be ; equal 3 in Weight to the Solid. 0 

1 bh By this Principle the well. known. Story of the: 
{1 3 N of King E75 of Syracuſe may be illuftrat 
1 | ed, 
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ed, but work ako wp aiths Room ser cat con- 
veniently ſpare in this Epitome. 
86s. A Tas rx of the ſpecific cal of Boots, 2 


3 


Fine Ii — Werne — 7 Fro | 
Standard Gold — 8. 888{Bezoar —— mu 185 
Cay — wh coofHoney  * . . $8< 1 
—. It. 325% O um Arabick  —— 1. 375 
Fine Fos ee — 1. og1/Spirit of Nitre— 2. 31% 
Standard Silver 10. 535 Aqua Fortis — 1. zoc | 
Biſmuth — 9. J20|Pitch - e 
Copper — 2 Spirit of Salt — 1. 130 
Caſt Bras — 38. goofCraflamen' of human 4716 
Steel — 7. $50] Blood 7. 12 
lion * 7.5; * F. 6451Spirit of Un ne — 1. 126 
Tin 7. 120 Human Blood 2 75 — 
Glaſs of Antimony — 5. 2800 Amber — | 
A Pſeudo con pie — it 1 270fSerum of human Blood * — 
A Diamond 3. 400 Milk - — 1. oe 
lear Chryſtal ch 3. 1500 Utine —— 1. 030]. - 
Iceland Chryſtal '—— 2. 720 Dry Box- Wood — . 930 
Fine Marb — Wessen Water — 1. 030 
Rock Chr — 2. So Common Water — 1. 0 
Common Green Glaſs: 2. öaofCemphire — . c 
Stone of a mean Gravity a. 500) Beez-Wax | ———— o. 955 
Buick 2, 000;Dry Oak — . gas 
ire — . goo}Oil Olive _ ©. 913 
Alabaſter 1. $75)Spi pirit of Turpen o. $74] -- 
Dry Ivory | , — 4.25 Reftified Spirit of Wine o. $66] 
Brimſtone 1. 800 Dry Aſh "©. 800 
Dantgick Vitriol — . 751 5{Dry Maple _— 0. 785 
Ahum — 1. 714 Dry EIn — _ ©. 60c 
nr 1. 714 1 Fir — 8. $$O 
Calculus Humanus -- 1. 700|Cork. ; — OD. 240] - 
Oil of Vieriol — : 7oolAir BY Low 0. oo] - 
386. The Getilic Gravity of different Fluids 1 may 
alſo be ſound without weighing. Illuſtrated by 


ſhewing cer e wh Reer nne nn 


Water. 1 


. "Y 
. by b 4 
34 
* * of 
M 
N 


tio like of coldeſt Weather, being not in December 


"442% 5 14 


Os The Tides are cauſed by . . of 


the Sun and Moon. 
388. At new and full Moon the Nee 
Sun and Moon act together to raiſe the Tide, and 
[thereby the Spring or higheſt Tides are produced. 
But when the Moon is in the Quadratures, the 
Sun "endeavours, if I may fo 'ſpeak; to raiſe the 
"Tide at one Place, and the Moon at a Place go 
| diſtant, and confequently the Tide cannot be ſo high | 
at the. Place under the Moon as when the Sun and 
Moon aft e a. the Cauſe Fa our r 
Tides. EET : 
389. kc el to be e as the 
Keith Time of the Day is not exactly when the Sun 
is in the Meridian, or exactly at Noon, but ſome 
time after, viz. between 1 and 2; and the hotteſt 
Time of the Year is hot at Midſummer when the 
Sun enters Cancer, but about July or Auguſt, and 


but about January ot February; ſe in like Manner 
the higheſt Tide is not exaQtly at new or full Moon 
but fome Tides after; the loweſt INE ſome T ides 
after the Moon quarters. 5 
390 As the Moon is ſo 8 abe 5 
tratti ve Force to cauſd t Tides is, greater than that 
5 ol he Sun z and hence it. is ealily obſerved by every 
Perſon, that the Tides ſeem to be governed by the 
Moon.——As to our having two Lide a Day, it is 
$1 © I" LUN . 5 28 


DN | 


ta. Hal. ; -- 
owing © aig coming twice to e Weg lian — 6 g : 
of any panticutar Plate i in a Day,“ viz, once on the 4 F . | 
South and once on the North, by the Roiation « of —_ 


the Earth round its, Axis every Day. n "A 

391. The Tide is higheſt not when the Moods; iy „ © 
on the Meridian but ſome Hours Aer. N 

| To treat of this curious Subject fully, would 410 Wy 
up more Room than is conſiſtent with the predeter- + 
mined Bulk of this Work, We muſt therefore either 
refer thoſe who are defirous, of ſeeing more. on. this | 
Lubjekt, to Fur Lectures, or to Dr. Halley ROO 
grounded on Sir ſaac Newton's Principia. 

392. The ſpecific Gravities of "Nix eg may. „ 
be readily found by an H ydrometer,— This is com- 2 | 
monly uſed for trying t the. Strength. of Spirituous Ei- 
quors, For if. pure Spirit of Wine be mixed with 
an equal Quantity of Water, it makes what is called 
Proof Spirit. It. then. a. Weight be added i make 
this Inſtrument, fink in Proof Spirit to the middle ; 2 
Point, or tenth. Diviſion, of the- Stem, if it be puʒt 
into any weaker Spirit it will not fink ſo deep, and 
into ſtronger will fink, ee . 
made of Ivory, Glaſs, or Copper. „ 


"UYDRAVLIGS. 
Of th the Running of Syeuons.” | 5 


* * 


= Syphons are of ſuch common Uſe 10 4 Mt 
ng of Liquors * 0 need no Particular Den 


ot M 2 FF 
or rather in about 25 Hours... 33 rae 


* i. 
4 * 4 
= _ - 
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» * 
. 1 ; 


136 : f : Pronanties. . Ted. XI. 


The Leg of the Syphon, thro! which the, Liquid 
| 1 is to de diſcharged, muſt be longer; than that in the 
; Liquid; then. the Syphon being flled with the Li 
* quid by ſuckingor otherwiſe, it will run out by the 


| Excefsof the Weight of the OP in one Leg more 
ole than in the other, PE tg ed? IR 


"of the TANTALUS co 5. 


394. This i is a Cup in which a Syphon! is conceal- | 
4d, and when the oy comes to ONES Noise 


"ol will empty itſelf. 
Hence may be ilakrsted the Nature of labels 
Springs; which being Werra by a n can Nr 
act when that works. 
Hence alſo che Nature of Res Frings, or 
Springs which alternately ebb and flow; a remark- 
able Inſtance” of which is Laywell at es bo near 
: Aon aye in Devonſhire. — Ep. 
395. Experimenis with the ade Funnel or 


3 Fountain of Command, and common Fountain. 


396. The Velocity of Water ſpouting through 
equal Holes, is as the Square Root of ths nde * 
the Water above the Holes. — Exp. 


397. As to Pumps, which are ir given in 


_ - Hydroſtatic Lectures, we thall explain the Manner 


of their Operation in our next Lecture, being pro- 
perly Pneumatic Engines, the Water being forced 
up in them by the Preſſure of the Atmoſphere, 


833 5. 
* Iu " 


* + © # E * * vw 
* * , k 4 4 
>> 4 >; 
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| n. hai! 


NEU MATIC Ae 


ee Bach. — Alu the Huch fe: a in 1 2 * 


rometer or common Weather Glaft is uftained by the Pref. 
ure ide Atmo ſphere.— Hat the refſure . of the Atmg- 

ere on every fare Inch is equal yo about 15 out, 
Wright: That our Bodies aft preſſed by a Force of about 
19 Tous — Rules to fudge of the Weather by the 

meter,— Of ſeveral Sorts of Pumps, — 4 Shqwer of Quick- 
1 1 Tores Wood, — Artificial Fountain, St. 


EW2k 
& >» 


396. AVING conkdered the Nature of Fluids 
> in general, we now pool to the Pro- 
perties of ſome particular Fluids. „ 
And iſt of the Air. PI . 
399. The Al is a fluid aa eren Body, capa- | 
ble of being condenſed and dilated; which ur- 
rounds our Earth to a conſiderable Height; And 
this whole amps is + commonly called the At. 
moſphere. ww 
400. It will bn Ae in met . 
Firſt. That the Air is a heavy Body, e i 
Second, And refiſts the Motion of Boe 
: Third, That n has a WON} on , 
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| Thar Als is a heavy Body. Ne = 


oj The Preſſure or Weight of the Air may be 
proved by .2 Number of Experiments Some of 
which are, | 

Firſt. By preſſing n ind dn en open 
Glaſs, ſo that the Hand eannot be eafily removed, 
without turning the Cock of the Air Pump to let in 
ſome Air into the Glaſs, to balance by its upper Preſ. 
ſure, the Weight or Preſſure of the external Air; and 


bY; 88 the Hand immediately becomes diſengaged. 


2. Exp. 2d, By preſſing down Men en 
over broke Hole of the Pump. 1 
403. Exp. g. To ſhew that this is. not owing. to 
any Suftion hs the Pump, Ks 0 a _ 2 * 2 of 
| thn l. Kr el 4 . 245 


{F — 1 4 41 fs. 


Wo the Bannern. o ee 


40. | 255 4. That the 8 5 Oaickfilyer ir in 
the Barometer f is ſuſtained by the Preſſure of the At- 
moſphere. 
405. Corollary. ("ae this Experiment 3 
that at à mean State of the Atmoſphere, its Preſſure 
on the Surface of the Earth is __ in Weight to the 
Preſſure of the Weight of 29 4 Inches Depth of 
Quickſilver all over the Earth. Now a ſquare. Co- 
lumn of Quickſilver 29,3, Inches high a and one Inch 
thick, weighs juſt 15 "Pounds, which is therefore 
equal to the Preſſure of the Atmoſphere on every 
ſquare Inch on the Earth's Surface; and 144 Times 
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a much, o or 144 ape y 16 edual to 2s 
Pounds, upon every ſquare Foot. And therefore, | 
the Surface of a. middle ized Man being about by £2 
ſquare Feet, ſuch a perſon muſt be preſſed with a 
Weight of 2160 Ponds multiplied by 2% or 304%; 
Pounds, i, e e. about 13 4 Tons; a Weight which 
would cruſh us to Pieces, was it not for the Spring of 
theAir which'is internally in every Part of ourBodies, 
&c. and the Spring of the Air, being always equal 
to its Weight, (as will be ſhewn. in, ſome of our Ex- 
periments) counterbalances tf the 3 of. the en- 
ternal Air, and ſo is not perceived by us. 4 
406. The principal Obſervations which have been. 
made 0 on the Barometer, as Hayy up by Du. * 
are. 

it, That in 2 Weather, 88 1 Ale 
clined to Rain, the Me ercury is commonly low. 

| 2. That 1 in ſerene, good, ſettled b the Mer- 
cury is generally high. Ld. 

3+ That up8n very great Winds, 3 they be 

not accompanied with Rain the Mercury inks loweſt 
of all, with relation to the Point of. Io, Compaſs the 
Wind blows | from. Fi a 


O's 24 q PI 80 A 
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4. That ceteris paribus, the prone Heights of 
the 1 ore found upon Eaſt any. and Monh: 
 Eaſterly Winds. e n e eee 
5. That in 7 eg Wehe the Nr 
nerally ſtands Reb, les un viii} ett be il 
6. That after. very, great, Storms Af. aF Wind when | 
. Quickſilver has been low, i it 825 

n en 


— 
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7. That the mitaNbrchaty Mg? have greater 
Alterations of the Baroſcope than the more Southerly, 
8. That within the Tropics and near them, thoſe 

"x ab have had from others, and my own Ob- 
ſervations at St. Helena, make very little or nb Va. 
nee r the Berl e in a L Weather, 
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* 40 we a pwayh of the Air is owing 1 414M 
; ratio 'of the common Tump; ; commonly called. - 
Sucking pump. 1 
* When the Piſton Phe their Re be- 
&ween the upper and Tower Box is in ſome degree . 
condenſed, and by its elaſtic Force, preſſes down 
he Valve of the under, and forces o open the Valve 
of the upper Box (viz, that fixed to the Piſton). 
Then, riſing the Piſton, the Weight of the Atmol- 
phere ſhuts the Valve of the upper Box, and ſo the 
Preſſure of the Atmoſphere being as it were lifted 
up, the little Air remaining between the ; upper and 
wer Buy wilt have a larger Space to expand, itſelf 
in, and conſequently its Preſſure on the Valve of the 
lower Box will be inconſiderable, and not able to 
refiſt the Water in the Well, being forced up by che 
Preſſure of the Atmoſphere. Then on the Return 
of the Piſton irs Valve opens again, and being again 
| raiſed, its Valve ſhuts, and conſequently, as much 
| Wilter as" was above It, n de raiſed us by the 
Piſiaing"& Four * * 
N 498, Hence 
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408. Hence appears the Reaſon: why thite common 
Pamp ee Withe 56 dighes than about gg Feet; 
for Quickfilver being about 14 Times heavier than 
Water, the Atmoſphere can ſuſtain a Column of 
Water 14 Times higher than Quickſilver ; now 29 4 
Inches multiplied. by 14 is equal 413 Inches, of 34 
Feet 5 Inches] but, as it 2s impoſſible perfectly to 
exhauſt the Air, the Pumps cannot e * 
32 1710 eee 7 8 
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409. The Piſton of this Pump. is a folid Crlinder; 
and to the Barrel of the Pump is fixed a Pipe, called 
the Forcing Pipe, to convey the Munter * to 4 | 
tern or Reſer voir. | 

When the Piſton riſes, the Air i is nie ahows | 
the Valve of the Pump, and then the Water riſes by 
the Preſſure of the Atmoſphere, as in the common 
Pump: But at the Return of the Piſton, as the Valve 
in the Barrel ſhuts, and the Piſton is ſolid, the Wer | 
ter can go no Way but up the Forcing Pipe. 

419, To this Pump it is common to fix an 1 
Barrel; in which, when the Air is condenſed, , by 
its Spring it afts upon the Water to force it up the 
. Pipe, and ſo renders the Stream more conſtant Ex. 

411. The common Engine for extinguiſhing Fires 
called Newſham's Fire Engine, is only a Machine with 
an Air Veſſel and two ſuch Pumps, to e * 
Stream without Intermiſſion, te 
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rt e 5 bela of ene Air way ud be ved 
by the giver Force required to pull aſunder two Braſs 
Hemiſpheres when the Air is exhauftall, —Expc 

10 4136 BY Yong the fr: in a Florence AY 
71 Exiſt the: Uros of the rial eh may Ye 
done by putting it under a Receiver, or, eaſter; by 
little Braſs Pump. — Then hanging it oh one End 
of a Balance <quipoiſe it witch Weights in the Scale, 
And letting in the Ajr by lifting up the Bladder 
Valve, the!Fhik” will preponderats, and the Num- 


ber of Grains we muſt put in to reſtore the Equili- : 


'briam,. will ſhew the Weight 'of 7 Bulk of Ait equal 
to the Capacity of the Flaſk: Now my Platk contains 


About #Pint zarid the Air ir it weighs abou! 5 Grains, 


therefore a Gallon of _—_ Air will weigh. ihrer 
1 A weight, —Exp. . ! 

41 4. By forcing Water into a Wau alt, 6 labs 
Echauſt the Air; then letting i in the. Air it will preſs 
| on the Water in the Baſon, and force i it up into the 

Ball. The Bubble cannot be Hlled with Water, 


becmſe the Air cannot be entirely exhauſted. —Exp. | 


415. By its forcing Quickfilver nrg the e 
"Wood Hke a Silver Shower. —Exp. x 


416 By its ee a | Bladder ona an exhauſt 
Claſp, 1 


417. By an irrificat CO DL . * 


. Ansel Wege of Wos, 2 will not pal 
thro' be deer Exþ. Es BE? by 
1 Si | | 2 15 0 


418. That Air by its Weight , will. paß thry the 
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Leden Bad ofthe; es be iminenteis Wyler, 
Then, on -exhauſting the Air out of "the Reed 
you will ler Air wm im this? the g to dee Wa- 
ier; hut, Hopping che Nord of che uppet' End 
Stick Witch :your Finger, yoũ¹ Lannot e | 
Air to enter thro? the Wodd into the Water 1 18150 
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E ATICS continued. 


{age Ai reſiſt : Bodies in Maier Ir daft 77 PET 
© not be Produced without Ar. — dir 7 of bring a 
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| 4% HAT ir reſſts Bodies.in Media cn 


This appears by the ee 
| Guinea 44 Feather. For every Perſon knows that 
if a' Guinea and Feather be let fall inopen Ait, dhe 
Guinea' will fall much faſter thancthe Feather, be 
ing leſs reſiſted by the Air, as its ſpecific Gravity-is 
much greater than that: of the Feather; But if they 
are hoth let fall from the ſaine Heighth in nan 1 
hauſted Receiver, he Neſiſtance of the Air 

then taken: off, they will- both fall together. 0 
420. Secend. By che Philopher's Hammer. tet. 


421. The Spring e 
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- By x Bladder almoſt oro of Ai; expanding it 
ſelf in an _ exhauſted Receiver, ſo as to appear full 
' blown, by the Spring of the internal Air E | 
4 442, By the ſame Bladder raifing a Weight by the 

of ita internal Air, OO N 


out of the Receiver. h. Fo e ee 


42. By forcing Water out of a Glak Bubble. Er. | 
424. By the Lungs Glaſs; ſhewing how the Lungs 


| are affeQted for want of Air to expand them. — £xp, 


As it is not agreeable to puniſh Animals unneceſſa- 
ily, chis is contrived to. ſhew how they die for want 


of Air, or, Which is the fame in Effect, when the 


* 


Air by Damps, as in Mines, &e, has loſt ke aaa 


city or Springineſs. 
Thus the Lungs of an Ani Veco are 48 
together by the Expanſion of the Air i in the Thorax, 


becauſe the Lungs, having a Correſpondence with 


the Receiver thro' the Wind Pipe, have no Air in 
chem to extend the Lungs againſt the ww a of 
the Air in the Cavity of the Thorax. pes + 
425. By the Ebullition oppo boiling 
in warm Water or new 10 800 eee an e 
Receiver. Ep. 8 i ear 
426. If a little Shell. of a ha be cutof 
Gum the ſmall End, on exhauſting the Air out of 
the Receiver, the Spring of the Air contained in the 
big End of the Egg between the Film and Shell, 
Late beer be e, eee 880. | 
Egg thro” the little Hole. Eh. "4 
7. That there is. fuck: « Bubble in. Fon is very 


2 


f 4 


. t 7 5 5a 
evadenthd Sight,” Ma ent Ear "hay the Shell 
of the-Eyg, then placing the big End andera'fmall' 
Receiver, on exhauſting; the Spring of the Air | 
between the Shell and Film, will raiſe m Film r 
Te a conſiderable Heighth,—£xp, © . 
428. Hence appears the Reaſon of that common 
Experiment of putting our Tongues to the greateſt 
End of the Egg to judge of its Goodneſs, for if it 
feels cool; ĩt is a Sign the Air is eſcaped; and then tdbe 1 
Egg becomes Rale, and at length putrid or addle. bh 1 
459, Fountains ate called by the > Springial of - IM 

the An Babes Ba ee I 
430. image funk in Water re ml by exhauſt 1 4 191 
ing the Air.— ahr 
401 That ae ring of he ir is „ is Pa 

: 43% Nos hte one 8 na am * 
Bodies is eaſuy ſhewn,. by immerfing-dry, Wood, y- 
ples, new-laid Egg, &c.. in a Tumbler af Water, Ji 
and placing the Tumbler under a Receiver; on -e IB 
hauſting, the Air will be ſeen to come out ef the _ 
Pores of the Body, and ate this wee in an _ 
agreeable. Manner: |» LIES aL Sb Mee and 1 if 1 ; 
Take-an Apple. ju picked: PEAR the! Tree, we _ 
ſtick a Piece of Braſs, or ſome other Weight, to = 
make it ſink'in the Tumbler of Water. Therm e- 
hauſting the Air out of the Receiver; the Av nt 
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will fon Air 0 it, but not ſo ptentifully, and 


he internal Air will expand the Skin till it becomes 
nearly, in Appearance, as fan and freſh. AS * 


new. 

434. n 3 uo. 
435+ Take a lighted Candle and put under a Re- 
ceiver. If the Receiver holds a Gallon, the Candle 


will go out in about a; Minute, which ſhews that a 
Gallon of freſh Air is neceſſary to ſapport the Burn- 


ing of the Candle that Time. The Smoke, by be 
ing lighter than the Air, riſes to the Top of the Re- 
ceiver, but not by any ſuch Thing as poſitive Le- 
vity, Which does not exiſt in Nature: For by ex- 
hauſting the Air, the Smoke falls to the Bottom. Ex 

436. Of Burnt Air —to ſhew that Animals cannot 
live when the elaſtic Force .of the Air is * 


| ed,—Eop. 


437»: That Ai is abt ins rity a 
The Zolipilete- Fountain by fareged Ai — Ep. 


438. The Burſting of Glaſs Mes e by 


2 heated Air, Arb. Ne od Fi: N 8 


1439 Nat Ait ts capable af being conden ſid. . 
Images in a Bottle raiſed and depreſſed, * 8 


prefling with. the Thumb on e over the N 
Rock of the Bottle. AH. 


Becauſe the Preſſure of the Finger e the 
Air, which forces more/Water; into the Figures, and 


.>- renders them ſpecifically heavier than the Water, 
and therefore they fink ; but on taking off the Finger, 
the Air ig the Figures, by its elaſtic Force, drives 


— 
OX 


out 


— 


l XII. 


out ſowp: of the Water, by which Means they de · 
come again 1 than the Waters ans 3 


ly ſwin,—Exp. 46 
4409. A . by condenſed Air, —Eep. Os 


'PrxebiarICS; | 
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44s Of Prince Rupert's Drops.——Theſe are made N 


of common Bottle Glaſs, by letting it, when in- 
tenſely hot, drop into Water, by which it becomes 
ſuddenly condenſed and very brittle, fo that by mY - 
breaking off a little of i its TI the Whole breaks 3 in 
Pieces. f PEE ” 

24% Of the Pulſe Clafi.—This' 16 to he an 1 . 
Hance of the Exiſtence of aſs ag Newton? 3 Ether, | 


Wy 
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of the Atrattion bf Errerzierry. 
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1 443: 4% AttraRion of Elefricity. 15% 8 
3 of Attraction peculiar to GlaG, Amber, 
= Sextigh. wax, Jet, &c.—Theſe Bodies by a. ſtrong 
Alttrition attract and repel others that are very light, 
 _ viz: ſuch as are almoſt capable of being ſuſtained 
ae from falling by the Medium of he Air; mow as Fea- 
n chers, Leaf- gold, &c. | 

= | 444. The Multitude of E which have 


_ .- attempt even to epitomiſe them. © And amongſt the 
large Detail of them, one ſcarce knows which to ſe- 
"ll | leſt as the moſt curious and important. . To give 
WW them all would creed ny Bolind& which could be 
_ reaſonably allotted to Le ireFon this Subject. 
| However, it will be found in this a8 well as on the 
Air Pump, in Pneumatics, that though Experiments 


tho Subject of Electricity, may be.compriſed in a few 

wy Propoſitions, in which' are {comprehended only known 

- Facts; that young Auditors may not be 1 9952 Wn, 
o by the Speciouſneſs of any Theory. 

| 445. Theſe Propoſitions I ſhall give as I gad 

„ them ready drawn up, by the ingenious Dr. Priefily 

©." (Pages 435, 436, 437, 438, 439, and 449) in- his 
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been made are ſo great, that it would be in vain to 


are numberlefs, yet almoſt every Thing we know on 
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un Kuben Sakastes are Athrtbuted by Elegie. | 


yy 


ans into two Sorts," thofe of one Sort are termed elec- 


tric, or Non- conductors; and thoſe of the other | 


er ee or Conductors of Electricity. 


446. Metals of all Kinds, together with Semi- 
metals, and all Subſtances in à State of Fluidity, ex, 
cept Air, are ConduQtors.' S0 alſo is Charcoal, and 
other Subſtances of x* ſimilar Natiire. All other 
Subſtances, whether mineral, vegetable, or animal, 
are Non conductors. But many of theſe when they 
are made very hot, as Glaſs; Roſin, baked Woods: 


and perhaps, all the reſt on which the Experiment 


can be made in this Stats are | Condutors > of Elec: 


Wi i ee 
447. All Didi however, kh” in tht ſins 
State of Heat aud Cold, are not equally perfect Elee- 


tries, or perfeft Conductors. ' Vegetable and animal 

Subſtances, for Inſtance, in their natural State; are 
ſeldom perfect Electrics, on Account of the Moiſture 
that is contained in them. And, independent of 
Moiſture, there is a Gradation in all 'Subſtances, 


from the moſt perfect Condufors- to the moſt e 
fect Non · conductors of Electricit 7. 


448. It is the Property of all Kinds of Klofries, 


that when they are rubbed by Bodies differing from 
themſelves (in Roughneſs or Smoothneſs chiefly) to 


attra light Bodies of all Kinds which are preſented = 


to them: to exhibit an Appearance of Light (Which 


is very viſible in the Dark) attended with # ſna _ 
Noiſe, _ the Approach of ay Conductor; and, 
NZ 85 i 


from all Communication with the Earth by Meatsof 


„%  '  Exnorntenty. Left? NIV. 
il the Noſtrils 5 preſented they are affected with 

” Smell like that of Fhoſphorus. 

4449. An electric Subſtance exhibiting: theſe - 
pearances, is ſaid to be excited, and ſome of chem, 
particularly the Tourmalin, are e. by heating 

and cooling, as well as by rubbing, e e 
460. It is neceſſary, however, to a conſiderable 
Excitation of any Electric, that the Subſtanee againſt 
which it is rubbed (uſually called the Rubber) have 
8 a Communication with the Earth, or Bodies abound- 


ing with Electricity, by Means of: Conduftors?. for 
if the Rubber be inſulated, that is, if it be cut off 


Ele&rics, the Friction has but little Effect. 
451. When inſulated Bodies have beets e 
by, and brought into Contaft with any excited Elec- 
tric; they begin to be repelled by it, and al ſo to re- 
pel one another: Nor will they be attracted again, 
till they have been in Contact with ſome Conductor 
communicating with the na but, Ty 
wilthe attracted as at firſt, ; 4641 
4352, If, Condudtors be inſulsted clefiric ee 
may be communicated to them by the Approach of 
excited Electrics: They will then attract light Bo- 
dies, and give Sparks attended with a ſnapping 
Noiſe, like the Electrics themſelves. But there is 
this Difference between excited and communicated 
Electricity, that a Conductor to which Electricity 
5 has been communicated; parts with its whole Power 
VVT £2 £37400 45 30e 
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at once on c of a Dade en 
_ eating with the Earth; whereas an excited Electric, 
in the ſame Circumſtances loſes its Electricity only 
partially it being diſcharged | only: from the Part 
which Was actually touched by the Conductor, or 


| thoſe in the Neighbourhood of jt ſo that the Spark 
of electric Fire is not ſo denſe, nor the eee 


made by parting with it ſo loud, krom e 8. 
from communicated E lectricity. „ ee | 
493. Electtie Subſtances, brought A. 
with excited Electries, will not deſtroy theit EleQriz 
city; [whence it is they ate called /Non-conduRors, 
becauſe they will not convey” or condusi away what- - 
ever is the Cauſe of electrie Appearances” in Bodies. 
464. When EleQricity is ſtrongly co communicated _ 
te inſulated animal BodieS) the Pulſe is quiekened; | 
aud Perſpiration increaſed; and if they receive, * 
part with their Electricity on a Sudden; a paink 


Senſation is felt at the Place of Communic a 
435 pre ne r ue gene vue, nee 
Electricity). by 


436. No Electric can dene d pee 
ing electric Appearances in the Body with which ir 
is excited, provided: that Body be infulated. For 
this inſulated Rubber will attract light Bodies, give 
Sparks, and make a ſnapping Noiſe upon the Ap? 
proach. of. COR as een * 
lectri e. th Sen e 110 NA 

45% I an inſulated Condulter: hs l . 
pointed Condubtot communicating with the Earth be 
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nueld pretty des dt Meile or no electric Appestunce 
will be exhibited; only a Light will appear at each 
ofthe Points, during the Act of Excitation, and a 
Current of Air will be ſenßble from off them both. 
458. Theſe two Electricities, via, that of the Eler- 


tric-itſelf; and that of he Rubber, though-ſimilat 46; 
are the Reverſe of one another. A Body attracted 


by the one will be. repelled by the other; and they 


will attract, and in all Reſpects act upon one another 


more ſenſibly than upon other Bodies; ſo that two 


Pieces of Glaſy or Silk, poſſeſſed of contrary EleQri- 


| - citiea,will cohere firmly together, and requite a con- : 


Ws And theſe Terms are now principally 1 in.uſfe; 15 
20” 460. If a Conductor, not inſulated, be brought 
within the Atmoſphere, that is, the Sphere of Action, 


ſiderable Force to ſeparate them | 
. 459; Theſe two Elefricities, having been firſt al. 

covered by producigg one of them from Glaſs, and 
| Gn, &c. firſt obtained the Names of vitreous and rei 
neut. Electricity and it being afterwards imagined that 
one of them was a Redundancy, and the other a De- 
ficiency of a ſuppoſed electric Fluid; the formet 
(viz. that which is produced from the Friction of 
| ſmooth, Glaſs Tubes or Globes by the human Hand, 


or a common leathern Rubber) obtained the Name 


of fofitive; and the latter (viz. that which is pro- 
; duced from the Friction of Stieks or Globes of Sul- 
phur,. Ac. or collected from the Rubber of a Glaſs 
Globe above-mentioned) that of negative Electricity: | 


ki Ves. XIV. e atelkr. 
: of any cledaiied Bodyyit acquitesths Ei6Rutdity ep. 


poſite to that / of the'oleQified Body:; weiden: 


it is brought, the ſtranger oppoſite Electricity doth it 


acquire; till the one receive a Spark from the einher, 2 | 


and then the Electricity of hoth Will be diſcharged. 
461. The electric Subſtance which! ſeparates. * 

f two EonduRors,. poſleſling theſe two. oppoſite Kinds 

of Electricity, is aid to be charged, Plates of Glaſs _ 


are the .moſt convenient for this Purpoſe, and the 
thinner the Plate, the greater Charge it is capable of 


holding. The Conductors ee e ids 
of the Glaſs are called their mating, Fart l: 50 

462. Agreeable to the abovementioned. 10 
Paticlp lax it is neceſſary, that one Side of the charg-. 
ed Glaſs have a Communication with. the Rubber, 
while the other receives the Elefricity from the Con- 
ductor; or with the Conductor, 1017 GO * 
ceives from the Rubber. „ : 

463, It -ſollows alſo,” that the two Sides of the 
Plate thus charged are always poſſeſſed of the tw] %. 
oppoſite Electricities: that Side which communicates 
with the excited Electric having the Electricity of 
the Electric, and that which e 
Rubber, that of the Rubber. 1 


n 

464. There is, conſequently, P eager attracs 
tion between theſe two ElefQricities with which the 
different Sides of the Plate are charged; and, when 
a proper communication is made by Means of Con 
duQtors, a Flaſh of eleQne Light, attended with a 
e (which. is greater or leſs in Froponien to;the 
j Que 


4 


* 


Kosesdtertt. 4 


Se e riese esse to chem, ns 


the Coodneſs; of the Conductor) is perceived be“ 
- tween them, and *r ee eg Moe deed erer 
n diſcharged. i ' 

465. The Subſtance of the GlaGs nel in or upon 
which theſe FleAricitres exiſt, isfmpervious to Elec- 
tricity,” and does not permit them to unite'; hüt if 
they be very ſtrong, and the Plate of Glaſs very thin, 
hey will force a Paſſage through the Glaſs. This, 
however, always breaks kao pry rp it eee of 
another Charge. 

466. The Flaſh of Light, 4 e with de Exbi6. 
fon! between the two oppoſite Sides of a charged 
Electric, is generally called the Heckrit Shock, on Ac- 
count of the diſagreeable Senſation ft gives any Ani. 
mal, whoſe Body is made uſe of to form the Com- 
"munication between them, g 

467. This electric Shock is aways bound to x . 
Jorm the Cireuit from one Side of the charged Glafs 
to the other by the ſhorteſt Paſfage, through the beſt 
| Conduftors. Common communicated Elefricity 
alſo obſerves the. ſame Rule in its Tanten from 
; bne Body to another, 

468. It has been found that the electrie shock 
takes up the leaſt ſenſible Space of Time i in « WMog 
r to the greateſft Diſtance,” | 

469. The electric Shock, as ANo the common elec- 
ae Spark, diſplaces the Air through which it paſles ; 
and if its Paſſage from Conductor to CotiduRtor be 


gen by Non-conduftors of A moderdle Thick- 
Wiso, 5 | nels | 


WB. #/ > ww 


Le x. 
neſs, it will rend and » 45d ia. 
ſuch a Mariner as. to exhibit the Appearance of a 


ſudden Expanſion af Airabpmt the Soy of of he. 


Shock. WED. 7 . 7 
470. If a irong Shock be ſent through a el 
animal Body, it "ik often . it e of 
Life, h | 
471% When, the cleatic Shock is very. 9 10 4 
will give Polarity to magnetic Needles, 1 fome-. 
times ĩt reverſes their POledec 1: | | 
472. Great Shocks, by which Animals 3 are tue, 
are ſaid to haſten Putre faction. > 
47 3s Electricity and Lightning are, in all gehe, 
che ſame Thing. Every Effect of Lightning may be 
imitated by Electricity, and every Experiment in E- 
lectricity may be made with Lightning, brought down 
from the eee ee inſulated h 
of Metal. 4 
N. B. As many of theſe. 8 are n 
by entertaining prend as the Time ound... 
for a e ante r e 
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2X 4 Ligh in AS a nd ae general . 
ig of "refleied | Light, —Properties' of - Plane, Conte and 

J wum = Dee u, een _ 

- WM 7 fo edt ae anos abc hh 24 5 e ne 

| | | oh „B Orries we n ee the 9 of 
| Viſion, with the Properties of Light, and 
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5 "ay various Ipiirumpss:which-bhaye W 
= |. ro affſt our Sight, (2, 0250682 -1 
. By Rays of Light, aue het « n e 
dian, Sir Jſaac Newton, I underſtand its leaſt, Parts, 
= | and thoſe as well Succeſſive -in the ſame. b Ling * 
. e e ee, e eee 1 
| For it is manifeſt that Light confilts of, Party both 
| | f Luccellive and Contemporary; becauſe in the! ſame 
1 Place you may ſtop that which comes one Mo- 
i ment, and let paſs that which comes preſently after; 


and in the ſame Time you may ſtop it in any one 
Place, and let it paſs in any other, For that Part of 

| Light which is ſtopt cannot be the Tame with that 
| | \__ _ _ whichis let paſs, The leaft Light; or Part of Light, 


vi which may be ſtopt alone without” the Reſt of the 
N 1 | Light, or propagated. alone, or do o ſuffer any Thing 
= alone which the Reſt of the Light does not, or ſuffers 
=_ * 1 call a Rey of TOR 
we 4B | 5 
- | 
= | 


+ 4766 nnn neee N 


ng of a great Number of Rays. 
 477- A Rc of Rayoyis aPartion of Lightof a co- 
dien Form, proceeding een Nen "_—_— 2} | 
ing to Point. 
478. Patel Rays ans Auth, 8s rio matt Di- 
reftions; converging Rays are thoſe that tend to a 
Point; ee nen emu 
1 Point, Atti 
5 A Alete, d. aa Rays of Light 
paſs thro, as Water, Oil, Glaſs, Air, or; ne 
{parent Body s and even a Vacuum, BY i; 


* 


The Principal Properties of Laenx, a, | 


de. Tha it proeteds from the Suifice of c vill 
ble Body in all Directions. 
481. That the Light chus emitted „ 
all Directions is propagated in right Lines. . 
482. That the Quantities of Light received upon 
any given Surface will decreaſe in the fame Propor- 
tion as che Squate of the Diſtance of that Surface 
from om the luminous Body is increaſ A. 3:08 
483. By the ſame Method of Reafoning which 
proves this Article may be ſhewn, that the Intenſe- 
neſs of Fire, Odours, &c. decreaſe,” in the fame Pro- 
portion as the Square of the Diſtance increaſes. 
Thus, for Example. If two Men, A and B, are 
warming thamſelyes, viz. A, four Feet from à Fire, 
B, 265 that-is,.. their Diſtances. being a8 1 10 43 
R mul- 
| 1 
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16 e Lett. XV. 
tiplied by I equal to 1) it will be 16 Times as hot 
MAIS. 5 * 


. 05 406-4 Third ess of Light bs ne 
| „ 
over the Diameter of the Earth's Orbit, appears 
by the Obſervations of the 6 of Ne N = 

65 5 > 

425. That the Velocity 4 Light bes a  ſenfble 
Propontian's the Velocity of the Earth's Motion in 
its Orbit, appears from Dr. U e of the 

Abberatien of Light. | 

486. The Velocity of Light is eval great, 
being about two million Tun: Sener than Hat of 
a Canon Ball. 

4597. From has 3 Da. it 10 plain, chat 
de is a material . or What we call a 
3 485. The Particles. of Licht are extremely. . 

andi is a remarkable Inſtance of Divine Wiſdom; ; ; for 

1 i a particle of Licht weighed but 2 Part of a Grain, 

nit would ſtrike with as hs Force as a Canon Ball 


* e 1olb. Wein. 

1 '% | 489. That Bodies 1A on Light, appears. ; 4 the 
= | $1 being reſlected and ES as 1 M 
= - ee Lectures. 


= 1 8 WT: Chr RN UAE: Up 
= 18685 Having confidered Light in general, we 
= | | <ome new: to a es this Nature of reflected 
| . 2 1 mes Fe £24 £4 120 8 M WA * bs 71 + eight 
v7 2 e {1 | 


* a 
1 — - * 
. 2 


3 
9 dggr> * N hs) 


£* 


140 xv. 


a 14 ng * 2 dre or e, 
Kc. 3444 AU Nr 2 a 

491. If a Ray of Light falls a on. # 

Plane Mirrouror Looking-Glafs, &c. it will be rev 

flected directly back again, But if it falls obliquely, 

it will be reflected ſo as io make the Angle of Incidence 


271 8 


equal to the. Angle of Refleion,/ That is; Pl. III. Fig: oh 
3. The incident Ray FC will be. ſo reflected in the I 
Direction CD, as to make the Angle FCE, or that | 8 
of Incidence, equal to the Angle ECD of Refleti,  - 
on, Hence the Angle FCA. is\ equal tothe Angle 1 
DOB. E. 2: Bag 2 8 19 


492. It is a . Fab Rates vp. Halle the.  - 

Gop-of- Nature, does every Thing in the ,fhorteſt ff 
Way and it is indeed a Principle which ſeems tb 
follow from the Idea of every Thing being ordered 

by infinite Wiſdom; and as far as it has been applied; | 
has always been found agreeable to the Nature 3 
Things. From this Principle it is eaſily demomſ tra. 
ed in my Accountent and Geametrician, that in orden 14 
ſor the Ray of Light to paſs in the ſhorteſt Way 
poſſible, the Angle af enen TO WH 
the Angle of Reflection fe rreeger w 110 
493, Sir Haac Newton, has hewn e Particles = 

of Light. are reflected back before, they aQtually _ | 
touch the refleQing Surface; contrary PIR | i: | i 
of all who wrote before him, 5 1 


Convxxoine and Divzzggna Rar, 


f, 
4H 494. When Rays tend to wee In a Point, as. the | 1a 
| bg Ray's do when they paſs 1 1 common donu- 
2 . ble 5 . i 1 
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cee 1 „ 
e as repreſented in Nl. „ 
Fig. 4. they are then called Converging Raus; And 
| beexuſe the Rays {$<colleftted arid 'coridenſed into 
chat Pbentz will actually burn iris! ana Fre, | 
ant ſometimes the Prindpe Forus, 
_— Bo whos he Reys ndl e tn us dis an 
the ſolhr Rays do in paſling'thro* a* coticave Glaſs; 
or ſuch u ont g is uſcd By ſhonfightee People, as 
tepreſented in FI. IH. Fig gt hey ard them catled 
| Diverhing Rays and then the Point ou the ether 
Side of the Glass, from which they fem tb) have 
come, is called the Imaginary Focus, to diffifiguilh it 
11 Forus of u cortves Des, hich is real 
495. The feiond: La of Catoptri bs ij thut every ral 
dene Point when ſeen by Reflecien, appent in 
chat Place where the reflected Ray produced, cet 
re ee ere ew r rake 
the-refleRing Surface, 
5 Ae ie PUIHK Ng & M hne fbi x bk 
ſeen by Refleftion from the Surfers AB by” aw Eye 
mt its Image will appear at I whore the reflected 
Ny D produced meets Al, © Eine drawn from'R 
perpendicular to the refleMing Surfüc AB. Phe 
. which proveck che uff Law, ald thews this. 
497. We maß now protesd to dome of the Pro. 
perties of Mirrours, aud firſt of Plane . 


PAuR Minkoenz. | 
ae, mat res patalit} „hen they fill'oh u Piarie 
Mirrour, will be maſs = hon NO" en- 


N . Rays 


= . 64 W F..- 9 = , 1 o q * * 
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a eee aA t Pbint, und 
falling om a Plane Mirrour, will diverge after Re- 
flection, as if they came from an imaginary Focus, 


as far behind raren an che radiant Point a 7 


before i.. „ ee do rang eee 


e e e i eppes r 


an Object he ſeen by Reflektion from a plane Sur- 
face, its Image appears as ar behind the Speculum, 


as the Object is before it. B d K 4 cider tt. 


500. In Plane Mirrours de Imiage i. ed nnd 


ſont in it are both perpendicular to the Horizon, 
the ObjeRt ſeen. in the Mirrour appears erett.— Ep. 


502. If a Perſon ſees himſelf entirely in a Plane; 


| Looking:Claſs, which is parallel to him, the Glaſs, 


503, In a Plane Mirrour, what is on che Right 


in the Image; & contra. Exp. PI Wes $94» 
504. If a Plane Mirrour is cod te Hon | 


2085 ben Oh axis ann 4 


inverted.— Exp, 
805. If a Plane a is indliried woche Hori: | 


zon in an Angle of 45 Degrees, any "Obje@ which: | 
is parallel to the Horizon will appear erect in it; and 


on the contrary, pena eee ee 175 


will appear parallel to the Horizon. E. 8 
506. Hence it follows, that if the Muren und 


Obje@ remain uhmoved, the Image will n the : | 


lame in any Situation of the Eye. | 
PIE. 507. Hence 


ſumilar to the Object. Exp. S 1 Sen HOES: 0 
Joi. Af! a Plane Mirrour and the -ObjeR that is | 


muſt be half as long, and half as broad, as he is. 


Hand side in the Object, is on the Left Hand Side 


6s Fae [i 
r. Henee alle — ave but one 
i be fech : . ab Mas. 
ble Reſlectioti, in mann. ſeve. | 
bers ay e be ſeen. . 
:: go8; Two: Nie Spain bekigaredyitratiebto 
ck other, ana: Ge betwewthem, the Rays 
from the-ObjeR,: and falling om caeh 
Sperulum⸗ will be reflected back ward and forward: 
fiom onto the other, ſb as to cauſe am Appearance 
of ſeveral Images in each Specmum, ome betiind 
another in a night Line, porpendicular'ta the nes 
ol che Speculum or Mirrours. „ 
509. If ewe! Plane Sperulimns eee 
other, to as to meet in ar acute Angle, an Object 
placed between the Speoulums, wilt to am Eye look- 
ing into either of them, appear to fotmeſtveral/Iina- 
ge ſmnding in the Cireumartence'of 2 Circle, 
whoſt Genter is in the Vertex, . eee 
of the Speeulums, and Radius. equal to the Di 
of the Object from the Vertex. E. 
re. If the, Diſtance, of the Obieg Ha the 
Vertex remains the ſame, whatever the Angle be; 
the Imsgest Will ſtill appear itr the e 


8 ee ige * 7 7 wi . 
Ans 1 1 5. * = os . 7 1+ . 2 Ie 
N 4 
0 Senna 6p; eee, 
„ e ee e, een 8. 118 * 
Fut of Concave Mirrours../: e 


| ee eee home bre rea Fane. 
tal Th HRS 361 Ohh; 2 Fe 


ee 1 a 
2 11 02 * 
f ; A 
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ns — the Sim ain} + Fatt 
Piece of Paper he held before it to reveive the re... 


fefted Rays; inove the Paper Vick: nd fn. w_ 


1 that ivithe prinuipat Votum. 15 4 5 Ude . 1: 


ie, The incident folar Rays may de Bebel e 1 


8 parallel to each other, and in ſuch Caſe the fotat: 
Diftarice is equaf wo half the Nadius of eke Spery- 
um; and the Image will appear on the Foos; o 
the lime Side zs ine radfant Obj6A— Bip; gi 4 40 

f. Tf che Spebulum * 
lect a ſufficient Quantity vr Solar Ny; 0 de com. 
deuſkd in che Focus it will bum in that RR 
kencethis Point i Allo called ihe Tü!!! 


514. As an Object ee we 


+ 4 M5 V- Law * 
2 * A W's > 
the Linaje- recdies, =p. * 1 


516. Upon th&Obje@s Sui tome thi 


(oF Curvatiite of the Speculuin) towards the r. 


 rour, the m_ is projected beyond the Cehiter, 
and whett the Obje& is but half the Radius of the 
Mitrour, or in the pricieſpal Focus; the Image is 
at an infinite Diſlinee, or to peak more Property, 
the Rays after  Relleftion Become pardlter: För 

which Reaſon, if he Flame of a Catidle'be* Place 
in the principal Focus, the Mirror will ſeem alfin 
Flames, and” the reflected Light win bef6 intenſe, 
as by the 000% it, we may 1 read at a. cunſiderable 
Diſtance. aner ars that he had ead at no 


eee 5 80 48 
9 Uh 
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616. Wuen dle Dilanes of the oute from the 


appears behind the 83 As che 8 
nearer to the: Speculum before, ſo like wiſe does the 
Image behind; and when the Object is ſo near as 
10 touch the Weg pn. the nnn 
S n 1 | 
1%, Asto the/Poktion of Images 45 by — Un 
tion from a Concave Mirrour, thoſe which appear 
on the ſame Side of the Speculum with the Obje& 
are. inverted, apd thoſe which ae Wande Mt 
ate — 
. 548. The Lengthor Breadth of a8 Obel 15 
Image, are to one e eber Diſtances from 
the Speculum. i506, : | : 
819. Hence it follows, thatahe Object PRE its 
Continuance beyond the Center, muſt appear larger 
than i its Image, as being more diſtant from the Mir- 
rour. When it is in the Center where it meets the | 
| Image, muſt appear equal to it: But when it is on 
the ſame Side of the Center with the Speculum, it 
muſt be leſs than its Image ; ; which. i in that Caſe lies 
beyond · the Center, and, . at a MS, 
Diſtance from the Mirrour.— 
520. Hence alſo, the Image that appears behind 


the Aer e is always larger than the kh 


las n Con 5 J bs 
"Of Cox I NEX M Mannouns.” 224 3 
1 m. Focus of Ore Minors en. 
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522. The Focal Diſtance, or Diſtance of an Image. 
kehibif de Sete Mirtour, aiby de U 
ing, as the Sum of the Radius and twice the Diſtance 
of the Obj& frortthsSpeculii is io the Diſtance, —= 
ſo is the Radius to the Focal Diſtance (behind the | 9 
Speculum) require. . 9 th) ' (x3. i 


523. Hence it follows, that if the ee; 
the Mirtoun, ther mage dds f littewvife. - ER. 

524. Hence alſo the Image of parallel Rays . , 
pear behind, in the Midway between the Sp 5 


lum and its Center. at ag 

' 585, Hence it 3 
flection from conyex ſpherical. 8 appear 
conſtstuchß behind the Speculum, within the Limits 
F; the Radius; and forafmuch as the Images con- 
ant} zppear on the fame Side of the Center with 
the Oljefts, they muſt be leſs than the ObjeRs, | 
26, The Proportion wi hick the Length or Breadth | >: je 

/ObjeR and its Image, bear toons 7 ON: 
ths ils WH that of (heir Diſtances from the spe- 
rufum, ak in Concave Mirrous. | 


527. Images ſeen by Reflection from Convex Spe= | Tay 
eulumt aA appear dro,—Exp. _ 3 
528. Deforthed Pictures may y be o 3 as OY 4 
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N. alle Light, through Water and Glaſs Lee, 


a HEN R of Li ight paſſes perpendi- 
*tularly- out of one Medium, into 
0 r proceeds, in à right Line, Fs in ther 
Words, Yeffets uo RefraQi on. K n 
e. Henee che Reaſon hy op Place 
Sta Star ia the Zenjth, is the [ame 3 as its true Place, 
"5A But if a Ray of Light paſſes obliquely out of 
1 rarer into a denſer "Medium, it will be. Wee 
5 vr beny ot — the Perpendi, cular, et contra. + 4 
| 2% The general Law 18 if 2 Ray of Light 3 
0 out of Air into Water, the. Sines of the 
Angles of Incidence and Refrattion are in the 5; 
ſtant Ratio of 4 to 3». et contra. wget 

8 us in Plate 111 - Fig. 7% Tf AC. be the 8 
Ray, and CB the re rated Ray, if the Sine of In- 


T 7 5 9 


<2 dence, Ak be ec S wal” to 4, the Sine of Refraftion 

BD iseguf ts g: But if the Refraction be out of 

| Air into Glaſs, the Sine of Incidence is to the Sme 
of Refraftion as 17 to 11. 

533+ Hence we ſee the Reaſon wy any Thing ap- 

— pears higher in Water than in an empty Veſſel. Thus 

every Rerſon who has been in a Boat en 

| ber, 


** 


Ve 


* % 5 - # 
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ber, d td: Oar, Par being in the Wren re. 
turned up, us if broken NN eee ee 
594. If we view «Shilling the Bass fe u 
ſon or Tumbler, in a perpendicular Direction, it 
will appear about eee r e 
Ws than when. the Veſſel is empty. ee 
55. The Eye may be ſo deceived” on.. Shilling 
b appear anne *. Gd. 
536. The Bending of the Rays n Paſſage 
Statins Medium into another; ſeems to be-owirng | 
to the attractive Force of the denſer Medium; acting 
upon the Ray at right Angles to the gurfuce. 
57. What farther confirms this Opinion is, that 


2477S * 2 4 


ſtronger its Attraction, the greater, cœterii paribus, is 
its refractive Power: Thus Oil of Vitriol}: whoſe 
Denſity exceeds the Denſity of Water in the: Pro- 
portion nearly of 3 to 2, acts more forcibly thah 
Water upon the nn 
ing them out of their Way, 7 

F538. Henee the Reaſon is Ae n 
Mode. Kc. by the Rays of Light coming thivugh 
the denſe Medium of che Atmoſphere, appSᷓr 
higher than they really are; and that thitꝭ Refrattion 
is greater near the Horizon, TY u wot 
in the Vertex it is nothing 35 
339. Hence the Sun, Moon, wh: Sr may 
nn Horizon 


640. For this Reaſon it appears, thaighoſe Bailer, ; 


who!take'the, Sun's nnn : 
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8 — theVariation ef le Compals) 
when the Sun appears in tha Horinon, may ett con- 
__ Ademblydn the Amplitude, anil.conſequenitly in the 
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Variation; Ibecauſt, at ethe Time it appears 3nthe 
Horizon, it is 33 Minutes under. And therefore 


| the Obſervation.ought-10 be mode, hen the Sup 


appear about half its Breath clear of e, 
for then its Center is cally n the Horizon: 

alſo weiſce the Reaſon hy theSun 
end fulliMoon, when riſing, 2 ——— 
n vir. brüader than high.— Hb. 


542. Mhen a Ray of Light paſſes 8 of Water | 
An A be ee eee een the An- 


Ae of .Refratian,:and the refracted Ray deparis 


„ram dhe Perpendicular as the Angle of Incidence 


Anervaſes.:. it /therefore follows, that when he re- 


he Surface of the Medium upon which it falls, the 
Incident Ray will make an Angle with it. In Wa- 


ter when the Angle of RefraQion is go, the. Augie 
of Incidence will be about 48; it is. eaſy chere fore, 


 $0.4ndentand,. that if the Rey, falls wich a gener 
hliauiy than, 48, it ill be wholly. reflected back 


again, and none Weg be $199 the | Air.at _ 


Wutface ofthe Medium, - H An 


543+ If the Medium en de Angle ef ls 


xidence is l · Shen the tefrafted Ray becomes co- 
incident wich the Surface ef che Mlediem; and 


merefore, hen the Angle i is greater, the Light zvill 
de wholly * nene 
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to 5 EIN 8 into the: df: 
| Whence: it follows, that though the Particles Uh 
| Mater in Bodies be in themſelves tranſparent, yet 
if they are ſo diſpoſed one among another as to re- 
Hoſt the Light very obliquely, tis plain, the Light 
in ſuch a Caſe will be loſt by various Reflections 
"within the Body, and 'thus prove a Cauſes of . 
e of the Os $6746 7 OHSU 
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543+ We now: tara to 3 * Nurs 3 
Light paſſing ee the eee of Lenſes.. 
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7 544. Prop. i, When anal ut fall on a con- 
vex Surface, in paſſing out of a rarer into a denſer 
Medium, as out of Air into, Wy Kage will 
con i 7 heath wn ang a PID 
545+ Prop. FY When. parallel, 13 Py on * 
concave Surface, in paſling out of a rarer into a den- 
ſer Medium, as out of * will 
diverge... Fig MO i IOgRns 6 5 Lear FROG 
546. As a Plano-Canven, Plate IIII. Fig. PR 3 
Double Convex, F. 9; 2 Plano-Concave; n 
Double Concave, F. 143 Wan or Web 
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547. Prop. * When pale Rays fall on . 
Surfagg/of a: Plano Convex Lens, Lens, they are r - 
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5 P Is eas * * colloid: into a Point called 
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the Focus; on the other Side of the Lenz. In both 
the focal Diſtance is the ſame, and equakto de Bie. 
e its convex Side. App. 
548. Prop. th, If parallel Rays fall direcuy ip. 
85 on a double Convex Lens, Whüch is equally ebnvex 
n both Sides, they will converge after they have 
. paſſed through it, to a Focus, Which Will be at a 
leſs Diſtance from the Lens than that in the laſt Pro- 
poſition; viz. che focal Diſtance equal to the de. 
midiameter of either of its Surfaces.— Ep. 
5549. The Point in Which Paraliel N50 are col- 
ledted bypaſſing through the Leng is called the 
Principal Focus, or the Focus of Parallel Roni of that 
Leng: un 175 oc Wh: TT or” les 
+ 526, Convex Lenſes are burning Glaſſes, ale 
they collekt the Rays of the Sun imb à Point; 
+ which + on rt calle: the. 8 85 19 475 
W N | 
7-64 #. The ſolar Fire, or Heat of the Siitn's Ive il © 
found, even at the great Dfſtance Vs are placed 10 
eee him, tobe more intenſe chan thut of any Fire 


; Net 17 - 


whatſoever. - For ſo ſmall 2 Quantity: as is collected 8 
in the Compaſs of a common reading Glaſs vill ac- . 
„Wally burn; and the Rays which fall within the 1 

Compeſs of ſome Df our Glaſſasr'Mitrours; wil ; 
— the Power of the greateſt Culinary Fire; w 
as is. manifeſt from their burning or vitrifying al 2 
moſt inſtantanebuſiy the moſt obdutate and intom of 

155 0 ee Wood and 
ee } ; White * 
CV 


WY i * . „ 
White 8 bit eines Hricks, Ment, and _ 


wrought upon by Fire) which 17 is we e 
ina few Minutes $ 


A Silver Sic. once hh þ been meld in wy . 


| and half, 7 ie k 

=” Copyer Half-ponny ran x with, / x Hole in "_ 

| Seconds 1 75 te . : 
Nin melted in'y e 15 = 50 1 


even Solch itſeif (the hardeſt of all Metals to „% | 


a” 8 
* 


Cuaſt Iron-melted in 16 Seconds *; 6244 oe 
viate meltegan.g Kees, OP - 


This Was by Mr. Villette's Mirrour * 3 Feet Ty 


and Rays but 36 Times denſer than common Rays 
have n power of burning equal to Wood Fire; ank 


„ene than dommpri Fire. 8 
0 =. Prop.'5th,' Pafallel Rays b become dee 
bchrons Plano Concave Lens. 

re 


In this, che Focus is called the 8 Foeus by: 
ſome the Imaginary Radiant, by-others the Virtual or 
Negative Focus, becauſe the Rays do not meet i 
that Point, but when they habe diverged; ll * 
appear to have as. it were iſſued from that Point. 


cave Side, the Focal, Diſtance i is the lame, Viz. 9 
to the Diameter of 1 its Concave Surface. . 


7 


Inches Diameter; and focal: Diſtanice „ 
This Mirrour conden ſes the Rays 17257 Times; 8 


„ % divided by 35 gives 493 therefore the In⸗ 
5 Wl icnfity:of the Solar fcays fo! Seeed is 499” 1 : 2 


Whether the Rays are incident on the Plane or Con- 15 


* . 
. A 1 : -+ + Ls G z 
1 a X | C 

| - 43 * 2 N 8638. a 

Y my 3 a 


1 12 55 a double Cones Lens, of equal Concavity, they 


i mhueir Divergency will be greater than in the laſt Pro- 


„„ e 11 5 Len? Kur. | 
$55 Coen Hence, kuge C 1d Pla- 
=_ no-Concave Lenſes, of equal Radi, have equal 
=. Focal Diſtances,: W one is real, the other s. 

: | An FD ginary. | - LP $a 


554. Prop. 6th; If Parallel 1 Raj fall diteAly 6 on 
will diverge after they have paſſed through it, and 


poſition, or which is the ſame Thing, their virtual 
Focus will be leſs, Viz, equal to the e 
of Concavity. oy: 

5655. Hence a; double Cannes and double Con- | 
cave Lens have equal Focal b 2664 one is 

| real and the other imaginary. C48 


WE . Sidesis convex the other concave. If the Concave 


| | 386. Prop, 7th. If Parallel Rig paſs. "wal a. 
- _. Meniſcus or Lunette, that is, a Lens, one of whoſe 


_ is. a Portion of a ſmaller Sphere than the Convex, 


_ "x "the Rays will diverge after paſſing thro' it; if the 
# R contrary, they will converge: but the Effect of this 
b li LCL.ens will be leaſt, becauſe each Surface produces a 


N 7 55 5 eontrary Effect. In this, as the Difference of their 


1 Radii is to twice either Radius, fo is the other Ra- 
diss to the Focal Diſtanctdmmmmee. 
g e Radii are equal, the Focus. is inbnite of the | 
| 1 KRays will go parallel. 

| IPRS 557. The Magic Lanthern is too well known .t toll / 


'7 SIE Deſcription. „„ TIE 2032 E2 


44 


e. VIS ION. 8 0 1 1 
5 5; JN order to anderkand the Natur of vi 


ſion, it is neceſſary to deſcribe the Strue⸗ e 
ture: of the Eye; at leaſt to far. as is Arn E „ 


Viſion. os of 
The outermoſt Coat BNB is called Stlevatica ; its 1 
Forepart is tranſparent, and _— Tunica Cords. 18 J 
PL IIII. Fig. 19. — 
The Choreides is as it \ were a » Lining to the ade 9 
of the Sclerotica, © © — 5557 1 
Inſide the Cornea, at a ſmall Diſtance," is a cireu- 357 5 1 | 
lar Diaphragm Bo, Bo, called Uvea ; the Hole i in it IM 
is called the Pupil,” and the Circumference, or ra- 15 1 
ther Ring of the Hole, is called Ii: Ba, B a, the . 4 
Ligamentum Cilare: az a is the Retina, or Expanſion | Betts 1 


of the Optie Nerve Z I. The Aqueous Humour is. 
contained betwixt the Ligamentum Ciliare, Cryſtalline, © 
and Cornea, HaaG is the Cryſtalline; and the re. | 
maining Part G Z H the Vitreous %% ˖ 8 ] 


Note, in the human'Eye, ſome Authors take the: £5 3 | 
Iris and Uvea to be the ſame Thing, But there „ bl 
being no ſuch Thing of the Colour of an We; 8 4 
Grape, the Term Uvea ſhould be omitted... OS. | 

559. Thoſe who have black Eye-ids have com- „ 4 q 
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eee ee uhichand very-f fair 1 

or white, the worſt. . F. Al eB Wn 
550. Locking at the Yan 11 eee Ob- 

jet are prejudicial; but green agrecahle to the Eye. 

353567. The Optic Nerves de de nit enter at the Middle 
of the Bottom of the Eye, but nearer the Noſe; for 
thoſe Rays of Light- which fall on ne Entrance of 
the Nerve, being ineffettual for Vision, it is neceſ- 
ſary they ſhould be placed as they are, that the fame 

** "Obje& which happens not to be ſeen 4 am 5 
may be {een by the other. + . 
This may be illuſtrated by a yl known Experi- 
ment of three Pieces of Paper. „„ 
. 562. The Image of an Object is inverted on aha! | 
Bottom of the Eye in the fame. Manner as the Image 

is Painted on Paper in the Focus of a double con- 
vex Glaſs Pl. IV. Fig. 44. e 1 
ſents an Obieg, 6 b, its Image. Me 

. 56 7 Diſtingtion of a picture i "Is: not the! Benne . 

Thing as its Brightneſs: Nor, is the Confuſon o 
| its Parts the fame Thing as its Obſcurity: / „ 
fs 564. When an Object is very near the Lens, to 
make diftips Eick ine Ares of be Leas mult be. 


very ſmalt, 
565. Achte 8 a Reafon why in Microfs | 
copes, the principal magnifying Glals i is very. mall. 
866. *Eye-Brows are peculiar to Man. | 
567. The Sight is commonly, beſt wehen the Hairs. 
of the Eye-Brows are black, and worſt when White. 
| 468; Ad¹,,. N is * 8 172 
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aha. In Men, the Pupil is round, tor look every 
Way, in Beaſts oblong horizontally, to ſee a large 
> Space on the Earth; Cats and other Animals Which 5 
climb Trees, feed on Birds, or that hide in the 53 
Earth, have their Pupils oblong vertically, to ena- | 
ble them to ſeo e and Jamal. | 


07 the Homovrs of the Erb 


| | | 570. The firſt, or Aqueous Humour, is ſo called 90 N 
31 Reſemblance to Water, in its ae Gravity, . 
refracting Power, &c. 

571. The Cryſtalline Humour is fo named from its 
apparent Likeneſs to Cryſtal. Its ſpecific Gravity 
very little exceeds that of Water, viz. in the Pro- 
portion of 11 to 10. Hence it appears this muſt , 
not be looked on as the only or principal Cauſe of - 
Viſion, as is done by moſt Writers, It is contained 
in a moſt delicate Tynicy Cane or | me called 
Arachnoides. . 
572. The laſt or Vitreous Humour is ſo called For. 
its being like Glafs, and is the Greateſt of all in * 
Quantity. Its ſpecific Gravity &c. but a Ute en- 
ceeds that of Water, 

573. The Forms and refraftive Powers: of . 
ſeveral Humours, are ſuch, as accurately converge 
parallel Rays to a Focus upon the Retina, in the 
Bottom of the Eye, as may be proved by Mathema- _ 
tical Calculations; from the Dimenſions taken at a 4 
Mean from ſeveral Eyes. nA; ͤ | 


KL: | F "a It a 


4s 176 | e 11 {hl Leck. vir. ; 


* 


9 1 


574. It is ; found by Experience, that the Bea 5 | 


Limit of diſtinct Viſion is about fix Inches from. 
the Eye. | "Is 


575 Indiſtin& Viſion may in Give 9 be re- 3 


meſdied by leſſening the Pupil, which we naturally 
do by contracting the annular Fibres of the Wees, 


and artificially by N thro* a ſmall on in a. 
Card, s. we 

. 576. Beſides the Contraftion of the Pupil we. 
have a Power of altering, in ſome Degree, the Form. 
of the Cornea, it being of an elaſtic. yielding Sur- 


| ace, and the Cryſtalline being incloſed with a lit | 
tile Water in its Capſula, ſeems capable of haviog. 


the Convexity of both its Surfaces a little altered 
by the Contract ion and Relaxation of the Ciliary __ 
Ligament; by which Means the Diſtance from the 


{76 Retina may be adapted to different Diſtances for 
/, | near Objects; as between 6 and-100 Inches Diſ- 


tanee; Objects more remote requiring ſrarce any Ab. 


ws teration in the Form of the Eye. 


9 


8775 As Objects appear indiſtin& by bois too 


5 near the Eye, ſo they do alſo by being too remote: 
ßböorit is found by Experience that Objects appear 
„ indiſtin& when they ſubtend a ln Angle than 7 10 
of a Degree or 6 Minutes. 1 


Thus, for Example; an Object or Circle .! 75 'of an 


wy Ineh Diameter becomes indiſtinct at the Diſtance 

1 of about 6 Feet; if of an Iuch at about 12 Feet. 
378. Sir r ſays in his Optics, * Thar. 

4356 ae ene when thay: have! Wen off from the 


Bot- 
n 1 — 
. N : 4 — 


* 4 
. W n "7 
we 


1. vn. e * 
5 Beese ye at uti und oft ick 
Coat called:;the Dura Mater; can then fee thro' the 
thinner Coats the Pictures of Objects lively painted 
theteon And theſe Pictures propagated by Motion 
along the Fibres; of the optie Nerves into the Brain 
are the Cauſe of Viſion. For accordingly as theſe 
Pictures are perfect or iniperfe& the Object is ſeen 
perfectly or imperfectly. If the Eye be tinged with 
any Colour (as in the Diſeaſe of the Jaundice) ſo 
as to tinge the Pictures in the Bottom of the Eye 
with that Colour, then all Objects zppear tingec 
with: the ſame Colour. If the Humours ef the EV 
by old Age decay, fo as by ſhrinking to make the 
Cortiea and Coat of tlib cryſtalline Humour grow 
flatter than before, the Light will not be refracted 
enough, and for want of à ſufficient Refraction 
will not converge to the Bottom of the Eye, but o 
ſome Plate beyond it; and by'conſequence paint in 1 7 
the Bottom of the Eye a confuſed Picture, and c- 
cording te the Indiſtinctneſs of this Picture the 
Object will appear confufed. This is the Reaſon 
of the Decay of Sight in old Men, and thews why | 
their Sight is mended by Spectacles! For hes 
Convex Glaſes ſupply che Deſect of Plümptleis inn 
the Eye, and by inereaſing the Refractioſi make“ 
the Rays converge ſooner, ſo as to convene diſtinftly 
at the Bottom of the Eye, if the Glaſs have a due 


Degree of Convexity. And the contrary happens ö 3 


to ſhort ſighted Men whoſe Eyes are, too. Plump. 
| mm the Refraftion . now too great, the Rays. 
9 4 3 5 "YM 


os Leven. | 
=o. convergs:andiconvens.in dre By bend hb | 
at the Bottom; and therefore the Picture made in 
the Bottom and the Viſion cauſed thereby wilt not 
bi diſtinct, unleſs the Object be brought fo near the 
Eꝛye as chat the Place where the con verging Rays 
convene. may be removed to the Bottom; br that 
the Plumpneſs of the Eye be taken off and the Re- 
fraction diminiſhed; by a Concave 'Glafs:of a due 
Degree of Convexity, or laſtly that by Age the Eye 
| grow flatter till it come tod due Figure: For ſhort- 
3  Gghted: People ſeg remote Obzetts belt in old Ager 
|  anditherofora they are detounted to have he mal 
| lung Eyed! A h en n OY FAO 
5 e e by Ke ion bebe ys 
3 at iti» Keflettion) appears in the Plane 4 
1 fam hence the Rays after; their. laſt Re fraction ; 
| diverge, in, falling on the SpeRtatoris. Rye. Hir Iv: 7 
n We might now procecd:tq treat of ih Dif- 5 
order of he Eyes of the Nature of Vigon by 
._ Glaſſes; toſhew why Convex Glaſſes-magnifyy and 
',- Concave.diminiſt Objects 3 of the ConſtruQion-of > | 
Microſcopes, Teleſcopes, ; &e; but theſe, Subjects: 
_ requize more Room than is conſiſtent with the de- | 
Gigned. Brevity of, this Work. We muſt therefore 
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; 551. 0 Sir Isaac Nzwron we are en 
Fog for almoſt every Thing, we know of the | 
I Nature of Light, We ſhall therefore proceed to the Þ | 
| principal Propoſitions and Experiments neceſſary to 
explain his Theory. Firſt then, notwithſtanding 
"the uniform Appearance of Light, the, Particles 
© whereof it is compoſed are of different Colours. LN 
This is ſhewn by the Exp. of the Colour d Spe&trum, i 
* Letting the Beams of the Sun' s Rays through a Hole 
in n the Window-Shutter of .a dark Chamber, they 
- will be. refracted by a Glaſs Priſm, and if the Image 
be received on White Paper or the White Wall, | il 
it will be found that the Rays will be differently te- |. 
| frafted, viz. the leaſt will be Red, the next Orange, ä 
then Yellow, Green, Blue, Ne arid, the; moſt 
_ refrangible Violet. 
N. B. Five of theſe 8 may be eafily ſeen, | 
but it is not ſo eaſy to diſtinguiſh: all Se ven. 1 =p 
582. 11 Rays be refracted a ſecond Time; chat | 
which was molt refrafted. at firſt will be ſof the 1 | 
ſecond Time. ; Apdiif ; a fngle. Colour be refrafted . 4 | 


4 
6 


Aa ſecond Time, it cannot be changed ; -but-will re- F}; 
FRY 1 
a $41 
tain the a Colour it had at firſt, This proves = 
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chat the Colours are not any thing acoidental. in, the 
" RefraGion thro! the reif m, but oe abſolutely in 


the Solar Rays.—Exp. . x 7 


583. Nor can theſe Colts be Was by Re- 


flection. For if differently 'celour'd. Bodies be 
placed in a Red Light they will appear Red, and 


min a Blue Light they will appear Blue; in Green 


light Green, and ſo of the other Colours; in the 


Light of any one Colour, they will. appear of that 


Colour, only that eyery Body will appear more 
ſplendid and luminous in the Light of its own 
Body. - Exp. NT | 

584 Since the Colours of 18 are not capable 
of being changed either by Reflettion or RefraQtion, 
it follows, that if the Sun's Light conſiſted but of 
Rays of one Colour only, then every thing would 
appear of that one Colour. Hence alſo it follows, 
| that the Reaſon we ſee Bodies appear of different 


Colours, ariſes from their Aptneſs to reflect ſome | 


Son of Rays more copiouſiy than the reſt, 
585. Theſe Colours which we obſerve in the 

 Rays' of Light, are therefore properly called. ** 

Original or Primary Colours. | Sidi Is 


386. Colours the fame in Specie ds theſe Pri. 
mary ones may be alſo produced by Compoſition, 


For a Mixture of Yellow and Blue makes Green, 
df Red and Yellow makes Orange, of Oratige and 
*Yellowiſh Green makes Yellow.” And in general, 


if any two Colours be mixed, Which in the Series A 


of Wool generated. by the Priſm are not too far 
ki 19 75 [diſtant 


+ 
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N 
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diſtant frdm hind eacther; 4 bylchelr NEE Al- 
loy compound that Colour, Which in the ſaid Se- 
ries appears in the Midway between them. But 
theſe which are ſituated at too great: a Diſtance, 
do not ſo. Orange and Indigo produte not the. 
intermediate Green, nor en . Green he. | 
intermediate Yellow? 7 + 4 78 4 
387. But che more ſurpriſing 100 de ln 
_—_— is that of Whiteneſs, and to its Compoſi- 
ion are neceſſary all the aforeſaid Primary Colours 
pode in due Proportion. Hence therefore it 
comes to paſs n Wiueneſs i is the uſual Colour of 
EMC TO IST] 1 
588. The Reaſhe bk Bodies reflect this or that 
Kind of Rays more copiouſſy than the reſt; and 
conſequently appear of this or that Colour; "Sir 
Tfaac Newton has ſhewn iti his fecond'Book of Op- 
tics, to depend entirely on the Size and Denſity 
of the Particles whereof the Bodies are compoſed: 
That Red is reflected by Particles of the greateſt 
Thickneſs, and that the Thickneſs of the Particles 
which rellect che other Colours, grows leſs and 
leſs, as the Colouts which they reflect are more and 
more removed from the Red. Alſo that amongſt 
the Particles which reflect one and the ſame Co- 
lour, thoſe which have the greateſt N have 
the leaſt Thickn es. 
589. From what has been faid concerning ths 
Colours of Natural Bodies, it follows, that if any 
Change! be made in 1 the Size or Denſiiy of che Pars 
Q :- Ss - hw | 


. 1 148, xv 


ticles e a ; Body is compoſed, e Colour iS 
the Body will be likewiſe changed. For which 
| Reaſon if two colourleſs Liquors be mixed together, 

they may in mixing ſuffer ſuch Changes in the Size- 
and Denſity of their Parts, from their mutual Ac- 
tions upon one another, as to become opaque and 
coloured; and ſuch Liquors as are coloured, may 
for the fame Reaſon, when mixed together, either 
become tranſparent and colourleſs, or of ſuch a. 
Colour as is different from the Colour of either 
before the Mixture, bes un IO 
ximents... | i 


of the Raynnow. PPT 


- % 


| . 2 we have nene more remarkable than that of the 
au, Every Perſon may obſerve that this Ap. 
4 pPearance is only ſeen here it rains When the Sun 
; | : | thines, and che SpeRator placed in à particular 


Back towards theSun. | 
3 This Phenomenon has in fome. 68 lu. 
| trated by Antonius de Dominzs, Archbiſhop of Spalato, 
Z in the Year 1614, and after him by Des Carter; but 
2 they were not acquainted with the true Origin of 
A Colours, it was reſerved to Sir Lſaac Newton to give a 
 compleat Solution thereof, and which hob has done 
in his firſt Book of Optics, 1 

591. There are generally ee one over 
the other; the-loweſt. or interior one is called the 


_ = l —_ - __ - 3 Vo 3 
— . Ds Er 0 
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: 
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© $90« Fr the various CLARE of Cotours, | 


Situation between the Sun e with * 


1 
r . TEAS POO TAS 


Refletion of the- Rays 3 in the ſphericaF Drops of 


Water, — The ſecondary Bow, is 6ccafioned bůj 
two Reflections and 


niſh the Brightneſs of e Colour, _ 


393. If we conceive 
Speitator's Eye towards the Bow, parallel. to the 
Direction of the Solar Rays; then it it is proved by 
Calculation,. that if this Line wakes wich another 
Line condeived to he drawn from, ihe Bow, 19 the: 


Eye, an Angle of 42 20 the Spektator will perceive. | 


a Red Ray. in the Upper Part of the Primary Bow; 
and if a Drop is ſeen under an Angle of 40% ½%, he. 


will ſee a deep Purple ONION. bl 


Part of the Primary Bo. 4 "Dy 

593: If the Angle be, 54˙ 7 the Bb" wilt 
perceive the Violet in the upper Part:of the Secon- 
dary Bow ; if an Angle of 50% 57 he will ſee a 
Dan in the under Part « the Wag * an A | 

A4 petweseeched the itarmodiaty Colours i: in 
the Primary; the Colours from the Inſide of the Bow 
to the Outſide are in this. Order, Violet, Indigo, Ig 
Green, Yellow, Orange, and: Beds. In the, decondar 
Bow. the Orderis reverſed, TINS. 

394. Hence the Breadth Pas interios Bow 
meafured acroſs. the Colours ſhould be 1* 45 100 


Breadth of the exterior. ge 10, and the Diſtance 


between them 2 5 ee of 


che 


wo Re fractions and therefore 
appears leſs bright, as every irn A 8 


kel e 
. Line drawn. 9 


3 


"el, r 


4 4 
. ˙ v * 
% Ln” _ 18 TY \ a 


N 
4. ; * 2 - 4 6 
AM 1 * * 2 _ 
= . 4 
* — 
* - * 4 1 
4 * 4 . : * 
A b 3 _ 4 * hs "0 26S 9 
—— —— — — þ - » 2 py 
Ca , =_ |. af) I a 
als > = n 1 a 3 
= - l 4 1 = a IS 
6 bl SY N = . 
1 © =Y 
ſh * 
18998 12 


* 2 
* 5 a — 4 : : 17 7 
9 7 4 — # - * 'F 


i. » 


| th dnmannolt fe. x" and the leaſt Sem iam. 

ol the Outermoſt o 57/3 ; and if the Sun Was of no 
aPP arent Diameter theſe would be the real . 

| * 555 "= as the Diameter of the Sun is about go” 


th; 
596. Hence the Breadth of the interior Bow, will 


be 20 17, the Breadth of the exterior 30 42” a and” 


their Diſtance 8% 2 7 And fo the greateſt Semidi- 
ameter of the i interior Bow will be increaſed by the- 


Semidiameter of the 'Sun, and.. that of the leaſt Ex- | 


terior. leſſened by as much: Hence the greateſt Se- 
midiameter of the interior Bow is 420 18” and” the 
| leaſt Semidiameter of the Exterior 504. And 

agreeable to theſe Dimenſions have the eee 


been actually found in the Heavens. oe 
97. Note, In a Garden where a Fountain is play-" 


ing ſufficiently high, if a Perfon ſtands between the 


Sun and the Fountain, with his Back towards the 
Sun, then. by moving backwards or forwards till he. 


is in a proper Poſition, he may have an experimen- 


tal Proof of this Doctrine of the Rainbow. 
898. Thus have we taken a Survey of the prin. 

cial Labs by which, the material World is govern» 
and even from: this curſory. and haſty Vie 

of Things, does it not evidently a ok to be in the 

greateſt Degree abſurd, to ſuppo 

a fortuitous bat of 9 be the 


Cauſe of ſo much Order and R larit ? Even 


ſos great, that nothing leſs than Infinite Goodneſs, 


- Wiſdom and Power "ſeems capable” of er, 


contriving and, executing * 

Hence Sir Iſaac Neuton At- the End os his Prins 
cipia might well obſerve, that to diſcourfe of Goo 
from the Appearances of Things — Long, be- 
| long to Pas 3 
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of the Bows will! be tee 
| Diſtance leſſened by that Sum F 181 Ann = 


that Chance or 
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qr; is well wh to Mae of Aches who. 
1 teach Geography and the Uſe of the Globes, to 

Youths, whoſe Parents are not inclined to purchaſe - 
a Pair of Globes, that after fome Time, for want of 
Opportunity to practiſe, great Part of what they 


have learnt, flips their Memory. I am therefore 


inclined to think, that the Analemma now offered 


to the Public will be acceptable, as it will in a 


reat Meaſure ſupply the Want of a Celeſtial 
Ciobe as a common Map of the World does in 
ſome Degree, that of the {Ret | 

2. In the Year 1721 my Father (GOR Down). 
then Teacher of Practical Mathematics at Bidefo 
Devon, engraved an Analemma on Braſs, for his own 


Uſe, particularly, conſtrufted to ſolve Problems con- 


cerning the Sun; which to render more A 
uſeful, I have now adapted to work the uſual Prob - 
lems relating to the Plancts, Moon, and Stars, as 
well as thoſe of the Sun. 

The moveable Circle or what is commonly 
called the Analemma, is. an orthographic „ 
bars the Sphere on the Plane of the Meridian. © - ©; 

The dotted Line which paſſes through the 
Cemter i is che 1 the Lines oh emer to it are 

5 nner 
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Parallels of Declinktlon ; and for the readies þ count- 
ing, every 5th Degree is engraved ſtronger than the 
5 | "others ; 

= 5. The Line which paſſes thro? the Center and 
BFB. perpendicular to the quinodtial i is the Axis; one 
End of which marked with a Fleur-de-Lis is the 


| | North Pole, as the other End marked 5 is the South 
= Fele. 
3 6. The dotted Parallel of Delineation 2902 North - 
IH of the EquinoQial is the Tropic of Cancer, as is that 


235 4 + South of the EquinoQtial the 1 Topic of Ca- 


7. The dotted Parallel 662 North of the Equi- 
nodal! is called the Arctic or Northern Polar Circle; 
that in the South, at the ſame Diſtance from the 
Equinoſtial, is the. Antarfic or Southern. Polar Circle. 

'8; The dotted Line paſſing thro* the Center i in 
an oblique Foſition making an Angle of 2 37s with 
the Equinodtial i is the Ecliptic; it is divided by little 

- Lines (0 into every 5 Degrees, and ſubdi ivided 
into Degrees by Dots “* 7 
On each Side of it, at 8 Degrees Diſtance, 3 is 
1 drawn a parallel Line, and the S ace contained 
= FG ny on theſe Lines is called the. , in which | 
= the Planets are always found, ' | 
= 9. The ſtrong elli F Lines, are Hour Circlet; 
= 1 leſs ſtrong Half "s 3 * thoſe dotied are 
V uaxters of Hours. 
10. The large Plate, contains the followitig par- 
| ticulars, beſides the Meridians and Prime Vertical, the 
[ Horizon S. N. which is divided into Degrees count- 
ccd from the. Eaſt or Weſt Point towards the North 
5 and South, for finding the Amplitude of the Sun 
E or Star; and under theſe. Degrees, into Points and 
Quarter Points of the Compals, counted from the 
Jorth or South towards the he Eaſt or Weſt, to ſhew 
readily on what Point of the Compaſs the Sun or Star 
riles'or ſets, &c. And to 5 the correſponding 
Foint of the de mg Right: bang. upper 
| Corner 


ae 44 wean —— 82 — * 
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Corr is engraved” a Compaſs, for ſuch Youths ag 
have not learnt-the Sea Compaſs, : 4 


11. In the ſame Corner is & R. Ae K. 2 - 


+ _ * 8 "x 
which is to uf thus «ell The Stars Ri ght Aſcen- 
hon Minus (or leſs) the Sun' $ Right Vue Ot 
e Stars Ri ht, Aſcenſion Plus (or more) 24 Hours 
Mobi the Sun's Right Aſcenſion is equal to the 
Stars Southing, The Uſe of this will be explaineT: 
e 215 
12. Under che Horizon « on the Left Hand is a 
Calendar for our . Summer, and on the Right ano- 
ther for dur Winter half Year, containing the 
Days of of the Month, Sun' 8 Right Aſcenſion, Place 
and. Declination corresponding Lacreio vv. e wo | 
all have Occafion to N | mote particularly i inn; 
the Problems. ; 
| In the Mi dale between the Calendars i is a 
Tab e ſhewing the Right Aſcenſion and Declina- 
tion of the Principal Stars; which being calculated 
for ſome Years hence, will be ſufficiently accurate 
for many Years fo come. 
14. PROBLEM I. The Day "of the Nan being 
iven to find the Sun's Place in the Ecliptic. 
is is done b Inſpection of the Calendar only. 
Exeurrz. Thus it will be ſeen that the zoth of 
March the Sun enters Aries, the zacth of April Tau- 
rus, May the a iſt Gemini, the 21ſt of June Cancer, 
the 23d of July Leo, the 2gd of Auguſt Virgo, 
September 22d Libra, October 23d Scorpio,, No- 
vember 224 Sagittarius, December e 
January zoth Aquarius, February 18th Piſces, * .. 
N. B. The Line for the Sun's Place is marked 
P and is divided into every 5 Degrees by. 
Nr (u) and ſubdivided into Degrees dy 
ots (. . 
Prop 5 I. By the Sun's Place in the E= 
ns to fin the W of the Month. 


( „ 


This being only the Reverſe of the former needs 
no particular Explanation. , _ 

16. PRoBLEen III. By the Day of wo Month to 
find the Sun's Declination. This may alſo be 
found by barely inſpecting the Calendar. Thus for 
Example January 2oth againſt that- Day- of the 
Month in the Column D.. you will Bod the Sun“ 8 
Declination 20 Degrees South. 

But if the young Student is, inclined to.ſolve. this 


; Probildm on the Analemma, it may be done thus. 


Bring the Equinoctial to the Horizon and the 
Southern Part of the Ecliptic above the Horizon, 


then looking for the Sun's Place correſponding. to 


the Day of the Month (which in the preſent Ex- 
ample is o Aquarius) obſerve what Parallel of De- 
clination croſſes that Place, zud we mall, hug the 
- Declination, in the f Example 20% as afore 
8 58 | 

A HE. W. By the Sun's Declination to 


pt find the Day of the Month, 


This is alſo ready done by Inſpeftion of the 
Calendar: 4 EI 

Let- the- Example be the Reverſe of the lad, viz. 
the Sun's Declination being 20 Degrees South, what 

is the Day of the Month 7 N it 5 5 by 

the Calendar that it may be either the 20 Day of 
January or the 21ſt Day of November. 

If it Be required to ſolve this Example on the 
Analemma, bring the Southern Part of the Ecli - 
above the- Horizon, and the Equinodtial i in the 


rizon, then will the Parallel of Declination, in . | 


Example;the zoth Degree, croſs the Ecliptic in o“ 
of Sagittarius, and 0% of Aquarius, the two Places 
of the Ecliptic in which the Sun has that De- 
clination. Hence by Problem IId. the 290 are 
as above. 
18. n V. To rectify the Analemma for 
any particular Place. 
This is _ to bring the Pole to the eee of 
; 8. 
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the Place, che North pole 760 North Meridazk, | | 
if the Place is in North Latitude; but the South, 
Pole to the South Meridian for South Latitude. 1 
19. ProBLEM VI. To find the Sun's Amplitude, | 
or on What Point of the Compaſs the Sun riſes and 
ſets at any given Place on any given Day. 
_  ReQtify the Analemma by the. laſt Problem; and | 
by the Day of the Month find the Sun's Declination,, 
Inſpe&ion of the Calendar as ſhewn in Problem. 
IIId. Then will the Parallel of: that Declination 
cut the Sun's Amplitude on the Horizon. 
EXAMPLE. On what Point of the Compaſs. 
does the Sun riſe. and Tet at London (Latitude. 
14 North) the aoth of june? Working as above 
irefied it will be found that the Sun riſes E. 4% 
N. and ſets W. 405 N. or riſes nearly N. 4 1 Points 
E. and ſets N, 47 W. which anbver, 0 N. . a E. 
1 3 VII. 70 'o find hs Time of Sun 
ifing and Setting, I. the Day and Night at 
any pw N _ does not exceed 66. 
Rectify the Analemma, and find the Sun's "i 
clination for the given Day, then obſerve what 
Hour Circle cuts. * Horizon, and it will ſhew. 
how much the Sun riſes before or ſets after Noon. 
VN. B. In South Latitude the Hour Circles on the 
Analemma are each numbered from Midnight; and 
ſo ſhew the Time of Sun riſing, as the Numeral 
Hours in North Latitude do the Time of Sun ſetti 
Exaur iz. On June 2oth at London Latitude 
51 4 the Sun's Declination being 23% 4 North, it 
will be found chat * 2. W 8 * + before. 
Noon or uarters in. the orming: ; and 
ſets a — after 8. 8 
Hence the Length of the Day being e qual to 
double the Sun's ſetting is equal to 16 f, and as the 
Sun's Declination in the Example is the greateſt, it 
| thews that 16* 4 is the longeſt Day at that Place. © 
21. Proziex VIII. To. find the length of the 
0 longeſt Day at ay Ts! in the Polar Circles, | 


- 1 . 1 


TS. 


oh 199. 5 
To iltuſtrate this let the Place be Hacluit's Head: 
land in Greenland, Lat. 80% North. 
ReQify the Analemma, then you will 8 ſee 
that when the Sun comes to 10% Declination (equal 
to the Complement of Latitude of the Place) the 
| Sun would 12 Hours after Noon come to the Hori- 
zon in the North but not ſet; this correſponds to 
the 16th of April; from which Time the Sun be: 
ing going to the Northward continues above the Ho- 
rizon till it returns to 10% North Declination again, 
which in the Calendar anfwers to the 27th of Au- 
t. Hence it appears that it is al! Day at that 
Place, from the 16th of of April to the zyth of Auguſt, 
In the ſame Manner it vill be found that at the 
Poles or in go” of Latitude either North or South, 
there is but one Day and one Night in a whole Year. 
22. PrxoBLEM IX. To find the Sun's Altitude at 
en Place, at any given Day and ae Sos, 
This admits of ; "Cakes : — 
Fpÿirſt. When the Meridian Altitude is EE 
' reflify the- Analemma, then will the Parallel of De- 
clination outthe Meridian in the Altitude required. 
Exaurlz. The Sun's Meridian Altitude at 
Noon at London the iſt of May, will be found to 
58. 1 
Cale 2. 2. When the Sun' 8 Altitude i is required * 
the Time it is Eaſt or Weſt. 
The Analemma being rectified, obſerve what 
Degree of the Prime Vertical is cut by the Parallel 
of the Sun's Declination, and chat will be the re- 
quired Altitude; 
e On the above Day it will be found 2 10 p 
| *: 2»: ' 
- Caſe 3. When the- Altitude is required at any. 
other Time of the Day. | 
Rectify the Inſtrument ind obſerve where the 
Parallel of Deelination interſects the given Hour: 
Circle; then placing one Leg of a Pair of Com- 
paſſes on that Point, extend the other Leg to- 
wks. me neayoſt Br to the: Horizon; n 
E&P Wi 


„ 
wilt that Di ind e on the Prime Vertical 
give the Altitude required, 

ExAur LE. At London Latitude 51 „the * 
of be at 3 in che Afternoon, the. 800 8 Altitude | 
will be 5004 to be 453 

23. PROBLEM X. Gen. the L of the 
Place, Day of the Month and Altitude. of the Sun 
(taken by a Quadrant or other Inſtrument) to find 

the Time of the Day. . 

ReRify the Analemma, then lay a String acroſs 
Both Meridians ſo that it may cut the Sun's Alti- 
tude on both Meridians; then, where the String 
croſſes the Parallel of Declination, that is the Place 
of the Sun, and conſequently the Hour Circle paſſing 


through that Place, will ſhew the Time required. 


Let the Example be the reverſe of the laſt "OR uh | 
24. PROBLEM XI. To.find eee Beprellion 
at Midnight. 5 

ReKtify the Analemma, and as many Degrees as 
the mn is. below the. Horizon, ſo many us 
will the Parallel. of equal. Declination, but with 
contrary Name, be above the Horizon at the other 
Meridian 35 

ExAurt E. In Latitude 51% North, on the i 
of April; it will be found that the Sun i 1s 280 50 
low the Horizon (in the North). | 
© 25. ProBLem XII. To find the. Beginning; and 

Den of Twilight. | 

Twilight begins and ends. when the Sun i is 18 : 
Lon the Horizon. 

- . ReQtify the Analemma, then laying {String acroſs 
180 of Altitude on both Meridiang, obſerve where 
it interſects a Parallel of Declination 9p ual to that 

of the Sun, but with oppoſite Name; the Hour 

Circle paſſing through that Place will ſhew the 

Time b the Beginning of Fee 

Midnight. 

Thus for Example, it will be ; BY, that Tw wilight. | 


Wies or 8 breaks the iſt of October at Les . 8 F 


4 * 


* % 
> 2 
1 3 


> 1 "I + . 
2 . .  — 7˙* — K 222 * 


1g „ 
at © after 4 in the Morning, and the Sun riſes that 
Day at 6˙ +, fo that the Duration of Twilight in 
the Morning is 2 Hours, and it being the ſame in 
the Evening after Sun ſet, will be in all that Day 
4 Hours, which added to the Length of Day 114 
gives the Time from Day-break way. by Night 15" . 
Note, From the End of May to the Middle of 
July, there is no dark Night, in the Latitude of 
| ndon.. - . | 1 
26. PROBLEM XIII. To find what Day of the 
Year the Sun will be vertical to a given Place in 
| the Torrid Zone: ; : . 
As the Latitude is.counted from the Equator on 
the Terreſtrial Globe the ſame Manner as the De- 
elination is counted from the Equinoctial; we have 
nothing to do but to find on what Days the Sun's. 
7 Declination is 1 * to the Latitude of the Place, 
and of the fame Name. „ 
EE xAUMrTEZ. Thus at Jamaica (Lat. 17 3 North) 
it will be found the Sun is vertical or paſſes directly 
= . aver Head at that Place the 1oth of May and 2d of 
| Hence it-appears that thoſe Places which lie 
between the Tropics may be ſaid to have two. 
Summers in a Year. | 5 
27. PROnTIZU XIV. Given the Latitude of the 
Place Day of the Month, and Altitude of the Sun 
taken (by a Quadrant) in the Fore or Afternoon, 
to find the Sun's Azimuth. CES I 1% 
Rectify the Analemma and find the Sun's Decli- 
nation; then laying 8 Edge of a Ruler to 
« cut the Sun's Altitude on both M 


. 


| | endians, obſerve 
where the Edge of the Ruler. cuts the Parallel of 
Declination, for that is the Sun's Place; againſt 
which on the Edge of the Ruler make a Mark with 
2 a Pen or Pencil, alſs where the Ruler croſſes the 
Prime: Vertical; then taking off the Ruler, bring 
che Pole to the Zenith, af the Hour Circles be- 
c ,jꝗX muh Circles. Then, placing che Ruler. 
. N as. 


12 5 103 ) Wn 8 


Abe which may be eaſily done: by the Sun's | 
Altitude and the Marks above directed to be made, 
obſerve which Hour (now Azimuth) Circle paſſes 


by the Sun's Place marked on the Ruler, then that 
Hour (or Azimuth) Circle will. on the Horizon ev FR 


the required Azimuth... .. 

ExAurLE. At Londen in 12.614 N. theauk 
of Auguſt, when the Sun's Altitude is 41 x in the 
Forenoon, his Azimuth is 8. 57 E. which is nearly 

Points from the South towards the E. or S. B. 

by E. and in the Afternoon when the Sun has the 
fame Altitude it is S. W. by W. 
Note, This may alſo be Brad by Means of the 
Horn hinted at in the Scholium to the next Problem. 
28. PxonLEeM XV. To find the Sun's Aditi: at 
. given Day and Hour at any Place, 

This admits of 3 Ciici- - - GEES 

Caſe 1ſt. At Noon or Midnight; the Sum is. on 
the Meridian, and ſo muſt be either North or South. 

Caſe ad. To find. the Sun's Azimuth at "ay other 
Time of the Day. 

Here, as the Azimuth Girelen could only be laid 
down on the Moveable Circle for a. particular La- 
. titude, that Defeft may be thus, ſupplied. 

Having -retified the-Analemma and found the | 
Sun s Declination: The Place where the Parallel | 
of Declination cuts the given Hour Circle, is the 
Place of the Sun for that Time. With a Pair of 
Compaſſes take the neareſt Diſtance from that Place 
to the Horizon, which meaſured on the Prime- 
Vertical, will ſhew the Sun's Altitude at that Time. 
This done, lay the fiducial Edge of a. Ruler to 
cut each Meridian in the Sun's Altitude, then ob- 
ſerve where the Ruler interſects the Place of the 
Sun above found, and the Prime- Vertical; againſt 
each of theſe Places make a Mark, with a Pen or 
Pencil on the Edge of the Rule. 


Now turn the moveable Circle till one of. the ki 


| Poles comes in the Linz, then. may the | Hows _ 


— 


„ FIGS on 1 A . Then 

che Ruler by the Marks made on its Edge, "may 
" S&eaſily placed in its former Poſition 4 which bein ng £ 
4 done, obſerve what Hour Circle (how Azimuth 
| „ Pa: -Circle) interſeQs the Ruler at the Mark made for 


ite Sun's Place, and” 12 Eye alon that 
| | Circle till yo come to t 0 orizon, you U ce the 
— Azimuth required. => 


Frau. At IBhdom, the 21ſt of June. at 

1 oTiock in the Aﬀernvon, it will be found, that 
mie Sum is about 6 Points from the South towards 
the Weſt, that is, abtut W. S. W. 

29. Shun. If the Auimuth Circles be drawn 
on à Quarter of 4 Circle, made of klear Horn, then 
as the Hour Cireles, Kr, cm be ſeen thro', the 
5 may be 8 by Ja Such a 


Hom may be made for Six-pente; ahid if is queſt= 
ed, may be had wih the In with at that P Nee. 

Prof XVI. Given the [angle '6f the Place 

and Day of the Month to find on wire ad of 
the Day the Sun will be on a given Azimuth. 


VNectity the Analemma, aud find the Suns De. 
*Y Auto; then lay the Horn ſo that the Zenith th of 
| - _the Horn miy be in the Zenith of the Inftrument, | 
| . that the Line drawn on it from the Zenith may lie. 

on the Prime Vertical, and that the Line on it per- 

pendicular thereto, may lie in the Horizon, Ac. 2 
8 then we have only to obſerve where the given 
Azimuth croſſes tlie Parallel 6f the Sun's Declina- 
| 2 tion, ard'thit'will'be the Place where the Sun is at 
that Time; and, conſequently, the Hour Cirele 
- paſling by that Plage, will be that required. 


The Exam be the Reverſe of that in 
Problem: e was 


cf the STARS. 


* 


= 


| beg XVII. To find the ph * 5 
werd coming on the e (or When f its . | 


* 


y 3:8" 


1 ate mb forth D 5 
e i by Daya 


We bare already given a the Rule in 4 11. 


EAAuTIB. What Time i is ana ouch 0 the 4 IF 


on of May: 
In the Table of Stars « on the — 


the Stars Right, Aſcenſion is = 4 Ry : | 


The Sun's'R. A. by inspection of the. #5 
: Column R. A. of the e is 3, 38 


— 
| Remains 10 . 


nutes after 10. 


31. Sexo. The fins x Weiking for. as 
Stars, Moon, Planets, &c. is ſo near that of the 


Sun, that it ſeems only neceſſary to hint, that the. . 1 


Declination of the Stars being taken out of the 
Table of Stars, and of the Moon or Planets from an 
Ephemeris or Annual Almanack, work for the 
Stars, &c. in the ſame Manner as iu been ſhewn ; 
in thg Problems for the Sun; only it muſt be noted, 


that the Time found by ſuch Operation muſt not 7 


be conſidered as ſo many Hours before or after. 


Noon; but ſo many Hours before or after 92 © 


Southing of the Star, Moon, or Planet, 
Thus for Example, if it be required t to ind Mas: 
May at London. 


By rectify ing the Analemma, the Declinaion 
of the Star being 20 24 N. we ſhall ſee by in 


N 2 its ee is 75 5⁰ . 


That i is, Sts | is Saul chat Night at 7 Mi- pf 


Time of Arfurus Riſing and La the den of | 


tion that its ſemidiurnal . or Time of the: ars < 7 5 
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8 . ks Time of 80 being 10 T6 


| : Gives Star's gat dhe next 


| PR OPOSA LS 
are Told by the 


5 55 Suͤbtract and 7 e 
ky nal Arc gems 7 . 30 
. | Gives Time of Riſing | ON 7 17 after Noon, | 
Amt the Star ſets iter v Noon 8 a ot I 
of 1 W 3 * | 2 


Sobek 


* 


— — 


Morning at 34 53,” Ho wan 6 17 ba 2 
Many other Problems might 1 ven; birt 


If the Reader rightly underſtands what is already 
delivered, he will not find it A to ſolye more, 
| without any further Aſſrſtanee. 22 . 27 8 
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the MATHEM ATICAL. ACADEMY, in the LinA AG v 
A STREET, Briſtol: YOUNG 3 
MEN re boarded ; sad taught WRT TIC, ARITHMET 
BOOK K EE PING, NAVIGATION, and GEOGRAPHY; = 
_ Alſo the ExzM INN of AYICATION, any CLNCENNES 
TUBE, ASTRONOMY," CHANCES, Contes, Deer ware pf DIAL. 
- LING, FLuxIons, ForTIErCA TION; GAUGING, Gs r 
Gun HypRAGUICE, HY9RD8TATICS: Lays £1. a, 
Mxzenantcs, MensUrATION, Ori tes, Preise Ti, Pr 
14A T1 Cs In Ir. BVI Nes Sünv AN, Terconehz Tax, 
Plane an 25 Spherical wuh the U of Mathematical n id Phlloſo- 
phical Inſtruments, in a rational and ex peditiaus * accord- 
ing to the New Improvements. — . Alſo, Courſes of Expernmeas 
tal Fairen read on reafnabls Teig 
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VS 


CADEMY,. where 
thr etic, Vulgar and 
cor F'rician, pr, 68.— 


Decimal pr. od Tha DIL 
3- The Navigat =D 01d 


11 4. Ibe Variation and 
Tide Inſtrumen im | * * 2 Map of the Cooney 
11 Miles round Yriſto BRENT * Voung Shopk eep- 
ers, Stewards, aft pack pr. . 6d. - 7. Epitonie-of 


_ = — 


* Philoſophical Lectures 2 e Im raved ma, 


for the Uſe of Schools, by which may be ſolvedt Com n Prob- 
Jews ef the Celeſtial Globe, pr. 38. 6d.— 5 "THOR for the 
bk a Treatiſe on Navigation. oe | 
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